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Preface 


ES 


———————— 


In 1946 I was faced with the problem of teaching a course in 
undergraduate experimental psychology with no available text 
seeming suitable for background reading. Therefore, I started to 
bring together certain materials to be mimeographed and issued 
to the students as a substitute for a text. These materials were 
revised and expanded from quarter to quarter until the present 


final draft was written. 

I am of the opinion that subject matter (content) and method- 
ology should not be divorced in an experimental course; one with- 
out the other is deadening. However, since I have done no accept- 
able research on these problems, my opinion may be in error. And, 
although I set up: the objective of continuous unification of method 
and content, I must add quickly that I was unable to attain the 
objective completely. At some point in the writing it became 
apparent that to keep the text to a reasonable size some omissions 
would be necessary. The major omissions, as I see them, should 
be pointed out. (1) Factual data on the sensory (discriminal) 
processes. I found that I could not handle adequately the factual 
relationships which have stemmed from the great flow of research 
jn this area and still give a comprehensible account of the methods. 


I chose methods. (2) Physiology of sense organs and nervous 
Because this material is not unique to psychology it was 
Details of apparatus construction. I have eliminated 
from the book; references to a piece of 
apparatus are in terms of how it is used, not how it is made. 

In mimeographed form the text has been used in a two-quarter 
course for which Elementary Statistics was a prerequisite, and in 
a year course where statistics was taught as an integral part of 


the methodology. I believe that the factual subject matter can be 


system. 
excluded. (3) 
nearly all engineering 
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comprehended readily without a statistical knowledge, but a full 
appreciation of experimental design problems requires some 
statistical thinking. 

The experimental illustrations used throughout are, for the most 
part, recently published. In most areas I believe the temper of 
contemporary research is accurately reflected. In some instances 
I have attempted to guess the future trends of experimentation. 
It will also be noted that I have reported some experiments which 
in my opinion were poorly conceived, executed, or interpreted. 
I think it is clear that I have done this for pedagogical reasons and 
with no thought of malice, 

The entire final draft was read critically by R. M. Elliott, Editor 
of the Series, and by Claude E. Buxton and Kenneth MacCorquo- 
dale. Parts of the final draft were read by R. W. Kleemeier and 
C. P. Duncan, who were also kind enough to use the mimeo- 
graphed edition in their classes and gather student reaction as well 
as make ‘suggestions of their own for revision. To realize fully my 
indebtedness to all these men I need only glance over the many 
pencilled notes which they made on the drafts. Louise Underwood 
has contributed toward the clarifying of expression and has helped 
with the proofs. Marion Cisar checked the references and was able 
also to type and “‘unsplit” infinitives simultaneously. 

Permission has been granted by many publishers and editors 
to reproduce figures or passages, and I gratefully acknowledge 
these permissions: The American Psychological Association for 
its several journals; Prof. R. $, Woodworth for Archives of Psy- 
chology; Prof. K. M. Dallenbach for American Journal of Psycho- 
logy; Dr. Carl Murchison for Journal of Psychology, Journal of 
General Psychology, and Journal of Genetic Psychology; the editors 
or publishers of Journal of Educational Psychology; Journal of 
Comparative Psychology; Psychiatry; and British Journal of Psycho- 
logy, and the following publishing firms: University of Chicago 
Press, University of Iowa Press, Duke University Press, Columbia 
University Press, Yale University Press, National Society for 
Study of Education, Appleton-Century-Crofts, Inc., Henry Holt 
& Co., Rinehart & Co., Longmans, Green & Co., Ronald Press 
Company, and Harper & Bros. The original source is given in 
each case. 


Evanston, Illinois B. J. U: 


Contents 


PREFACE 


CHAPTER 


I. 
II. 
Ill. 
IV. 
V. 


Introduction . E a i aa 
Discriminal Processes: Methods of Study I 
Discriminal Processes: Methods of Study II . 
Discriminal Processes: Methods of Study II 
Discriminal Processes: The Influence of General 
Variables . 


. Motivation 

. Frustration 

. Conflict 

. Transfer of Training 

. Design Methods II and Iv 

. Learning I: Conditioning . 
. Learning II: Multiple-Response Learning k 
. Learning III: Thinking gg 

. Learning IV: Theoretical Problems 

. Forgetting—Retention 

. Work 


REFERENCES 


AUTHOR INDEX 


GLOSSARY AND SUBJECT INDEX - 


vii 


Experimental Psychology 


CHAPTER I 


Introduction 


THE BASIC CONCEPTS OF EXPERIMENTAL 
PSYCHOLOGY 


Human responses are the basic data of study by psychologists. 
People have dreams, they get married, they learn the alphabet, 
they bet on horse races. Why do these responses occur? “Why 
do people dream?” “Why do people bet on horse races?” In ask- 
ing such questions we immediately imply that all these events 
have a cause and, if we ask the questions sincerely, we presuppose 
a discoverable cause. We imply that there must be certain con- 
ditions which lead to dreaming and to betting on horses. The 
events which the psychologist attempts to relate or discover are 
thus evident: psychologists attempt to determine the relationships between 
responses of the organism and the events which prompt those responses. 

All sciences attempt to establish relationships between events. 
It is a part of the task of the scientist to find these relationships 
and state them in a fashion that will be agreed to by other scien- 
tists. That we have different names, such as physics, chemistry, 
botany, astronomy, psychology, applied to scientific endeavors 
stems largely from the fact that there are different classes of events 
within which one may seek to establish relationships. Thus, the 
physicist is concerned largely with certain events among inanimate 
objects; the botanist with events relating to the growth and struc- 
ture of plant life; the zodlogist with growth and structure of 
animals, and so forth. Different sciences represent divisions of 
labor; their basic task, however, remains the same. 

Stimulus and response. A response is an observable change in 
behavior, this change being an activity effected by muscles or 
glands. An event which elicits a response has come to be known 
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as a stimulus. No adequate general definition of a stimulus can be 
given without reference to the occurrence of a response. External 
stimuli are originally energy changes in the environment, but not 
all such changes are stimuli. Only those energy changes which 
produce responses can be said to be stimuli. 

We are prone to think of stimuli as events originating outside 
the organism: a loud noise causes a startle; a red light produces 
a brake-depressing response. While it is true that many of our 
responses are initiated by external energy changes to which our 
receptors (sense organs) are sensitive, it must be recognized also 
that many stimuli are internal in origin. Hunger pangs are just as 
truly response-producing as are external stimuli. We must not, 
then, limit the conception of stimuli to external changes. Internal 
stimuli not only influence behavior but some may also be indi- 
rectly controlled and varied by manipulating the environment 
outside the organism, Since we are to study methods by which 
relationships between responses and conditions prompting those 
responses are determined, techniques of controlling and manipu- 
lating. both external and internal stimuli must come under our 
surveillance. 

Experimental framework. In diagrammatic form (Fig. 1) we 
may suggest the experimental framework of psychology. In the 
experimental situation it is recognized that there are a multitude 
of stimuli (S,, Sa, . . . Sa) impinging upon the organism. It is also 
recognized that there are identifiable and unidentifiable conditions 
within the organism which may influence the response or re- 
sponses we are interested in measuring. The basic experimental 
procedure is that we hold all stimuli constant except one and this one 
we manipulate or vary as our demands dictate. If we can show 
that the response changes in some systematic fashion as the 
stimulus changes, we have established one causal condition of a 
psychological event. 

Figure 1 indicates that there may be many responses (Ry, Ra, 
. .- Rn) made by the organism upon which we are experimenting. 
The experimenter, then, arbitrarily measures a response (or re- 
sponses) in which he is particularly interested and which he 
thinks is some function of the stimulus he is manipulating, i.e., 
is dependent upon the stimulus. To be scientifically useful, all 
that is required is that the response be in some manner measur- 
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able. It is possible, of course, as some have contended (1g0),* 
that many extremely significant responses are overlooked or 
ignored in many experiments. Significant responses would be 
those which, if measured, would give us greater understanding of 
the phenomenon being investigated. 


Fic. 1. The experimental framework of sychology. Sı 53, - - » Sp indicat 
stimulus events of an unknown number, Both in the environment ena tothe 
organism. Rp Ry +++ Rn indicate responses of the organism to the stimuli. 
Responses turned back in” the organism (Ra, Rs Re) take note of the fact that 


responses may in turn become stimuli influencing later responses. Experimental 
psychology at the empirical level is concerned with the discovery of the laws 
which hold between the stimulus events and the response events. If this diagram 
seems lifeless, consider the square a torso and add legs, arms, and a head. 


It was indicated above that in an experiment all stimuli except 
one must be held constant. One of the fundamental parts of train- 
ing in experimental technique is to be able to evaluate an experi- 
mental design—a detailed outline of a proposed experiment—from 
the standpoint of how well all stimulus conditions will be con- 
trolled, and thus how precisely a response can be said to be caused 
by a specific stimulus event. These stimulus conditions which are 
known to have an influence on the responses of the organism 
are called stimulus variables. Stimulus conditions whose influence 
on a given phenomenon js not known, we shall call potential 
stimulus variables. If all known or potential stimulus variables 
are not controlled—held constant—at the time another stimulus 
is being experimentally varied, we confuse the relationship which 
the experiment is attempting to establish. You will find that only 

-ng in parenthesis refer to the source of the citation as listed 
in eae the end of the book. 
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a careful and critical scrutiny of past experiments, some carefully 
and some poorly designed, will allow one to develop a “feel” for 
sound procedure. Exercises to enhance this training should be a 
part of your laboratory experiences. 


ILLUSTRATIONS OF THE BASIC CONCEPTS 


Let us consider some simple experimental designs from the 
standpoint of their adequacy of control of stimulus conditions, 
At the same time we will get illustrations of the concepts which 
have been introduced. Since experimental procedure is basically 
the same for most sciences, the first hypothetical experiment is 
taken from the field of horticulture. 

A florist specializes in orchids. For many years he has raised 
orchids of several different varieties. It has occurred to him that 
perhaps all of his strains are not equally productive. For example, 
he has three strains of orchids all of which produce yellow blos- 


answer. 
Now, there are several “stimulus” variables which the florist 
has to control. For example, we may name the amount of moisture 
each seed gets from planting time to maturity. Since moisture 
influences plant growth, the amount of this variable would have 
to be the same for all three strains, The fertility or chemical com- 
position of the soil or solutions would have to be the same for all 
plots in which the seeds are planted. A soil analysis might be 
made in order to insure this. There are other variables, such as the 
amount of sunlight, the temperature, the slope of the ground, and 
so forth, which may be known or suspected to influence the 
growth differentially. They would, therefore, have to be the 
same for all seeds. Obviously not just one seed would be used 
but rather a good many, so that there would be a good represen- 
tation of each strain. In summary of his procedure, then, the florist 
knows that in order to get a clear-cut answer to his question, he 
has to keep all factors (stimulus variables) constant except one— 
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the type of seed. This variable, the type of seed, is his experi- 
mental or manipulated variable, or as it is usually called in 
psychological experiments, the independent variable. The florists 
procedure gives all seeds an equal opportunity to produce orchids. This is 
controlled experimentation. 

To carry the experiment through to a satisfactory conclusion 
the florist would maintain constant conditions throughout the 
growth period (which is actually several years for orchids), and 
then attempt at the appropriate time to measure which strain of 
seed made the “‘best response.” If his judgment of these responses 
is unbiased, he will be able to provide himself with at least a 
restricted answer to his original question. It is necessarily a restricted 
answer—the generalization he can make is sharply limited—because 
he does not know (without further experimentation) what seed 
would produce the finest orchids under conditions other than 
those which prevail in this experiment. It is possible, for example, 
that at a different temperature level another seed would produce 
more efficiently. Nevertheless, he can state a reliable finding—a 
relationship between his seeds on the one hand and the products 
of those seeds on the other. This relationship is not subject to 
doubt if he carries his experimental procedure through in a 
carefully controlled manner. 

Now let us suppose that the florist did not control the moisture 
of the soil. Without thinking, perhaps, he may have watered one 
plot of ground more than the others. If this were the case, we 
would challenge the purported relationship which he thought his 
experiment demonstrated. We might insist: “But you don’t know 
whether the differences in your orchids were a product of the 
differences in the seeds as such or of the differences in the moisture 
those seeds.” In a true scientific sense he has no answer 


provided to 
riment has “proved” nothing except 


to such a comment; his expe 


the need for more careful procedure. 
orically that errors in the design of psy- 


It may be stated categ 4 
chological experiments are relatively easy to make. Psychological 
experiments, as compared with the florist’s experiment, are really 


considerably more difficult to evaluate because there are so many 
stimulus conditions—stimulus variables—that it is often difficult 
to know whether or not we have them all controlled. It cannot 
be stressed too strongly that the beginning experimentalist must 
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develop a critical eye for experimental defects if he expects to 
carry on sound research or evaluate other research. Like all 
learned behavior, this must be practiced constantly. 

Now consider a hypothetical psychological advertising which 
parallels the one performed by the florist. An experiment agency, 
suspecting that there must be differences in the efficiency of 
various types of printing, decides to run an experiment to dis- 
cover which of three types of print is the most quickly read by an 
adult. This problem is a real one to the agency, since the outcome 
of advertising depends in part upon how quickly the reader gets 
the message which the advertisement intends to convey. If one 
form of print is the most efficient, it could be used most frequently 
in the layouts. 

The independent variable in this advertising experiment is the 
type of print. This stimulus condition will be varied in three ways 
by using three different print types. The response variable, the 
dependent variable, will be the speed of comprehension of each 
of the three print types. What are the stimulus variables which 
need to be considered and controlled? Or, paralleling the florist’s 
experiment, what do we have to control that is similar to the 
moisture content, the fertility of the soil, and so forth? Actually, 
the number of these conditions which would have to be controlled 
is unknown. Many of them would be known, however. We should 
think of this problem by asking ourselves the question: “What 
factors might influence the speed of comprehending the print 
types in addition to the print types as such?” Such factors fall 
into two general classes: ipulable stimulus variables and subject 
variables, 

By manipulable stimulus variables we mean characteristics of the 
experimental environment (including the task itself) which the 
experimenter can vary and control. In this experiment, illustra- 
tions of manipulable variables would be such things as the words 
or sentences used to exhibit the print type; the length of time 
the material was shown to the subject; the length of the experi- 
mental period; time between successive presentations; the amount 
of light in the room. 

By subject variables we mean characteristics of the subject which 
might influence the response. These are almost unlimited in 
number, examples being chronological age, mental age, sex, 
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amount of education, visual acuity, and home background. These 
are all at least potential variables, since it is reasonable to suspect 
that they might influence the speed with which the material is 
comprehended. 

To execute the experiment we must be sure that all of the 
manipulable variables, known and potential, are held constant 
while perceptual speed for each print type is measured. If we 
use a different group of subjects to measure the perceptual speed 
for each print type, we must be certain that the groups do not 
differ significantly on any known pertinent subject variable. We 
allow only one factor-print type-to vary.” 

We shall not attempt at this time to detail one of various meth- 
ods by which such an experiment could be executed. A careful. 
study of the methods, and reasoning behind them, by which this 
and many other different kinds of psychological experiments can 
be performed is one of the major purposes of the entire book. We 
will probably find it less overwhelming if the methods and their 
rationale are brought before us in small, but systematic and per- 


sistent doses. 


DIMENSIONS 


We need now to enlarge on the concepts of stimulus and re- 


sponse variables and to add to our basic ideas concerning the 


framework of experimental psychology. : 
When any given phenomenon can be demonstrated reliably 


(consistently) to vary in amount with respect to some specific 
characteristic, we have a dimension. The characteristic may be 
any one of many things. In the physical world, such character- 
istics as length, weight, and temperature are common dimensions 
used in describing natural phenomena. Clearly, objects can be 
reported reliably as varying in -length, weight, or temperature. 
Does human behavior vary in certain characteristics and can 


* Modern statistical discoveries have made it possible to manipulate several 


i i i h. Such 
i i i riment and still assess the influence of eacl 1 
van bies ana ee. ae ist of several experiments in one, in which 


constant. 
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these variations be reported reliably ? Certainly, for do we not have 
variations which can be measured reliably in speed of learning, in- 
tellingence, visual acuity, and so forth? Indeed, any word used to 
describe human behavior indicates a characteristic which might 
be dimensionalized. 

The difficulty which lies in the way of dimensionalizing many 
behavior characteristics is that reliable Measurements of them 
cannot be made, i.e., the amounts of the characteristic present in 
individual cases cannot be agreed upon. Take, for example, sense of 
humor, a characteristic of behavior we often judge in others. We 
would all agree that different amounts or degrees of this character- 
istic exist, and yet if we attempted to dimensionalize this character- 
istic we would probably run into a great many difficulties. We 
would probably find that we do not agree on what constitutes a 
good sense of humor or a poor sense of humor and as a conse- 
quence, my estimation of X’s sense of humor might vary markedly 
from yours. We are forced to use our judgments to “measure” this 
characteristic because we have no instruments which will do the 
job. In this case our judgment as the measuring instrument is quite 
unreliable. We would all be fairly consistent in our measurement 
of the height of an individual but quite inconsistent in our “‘meas- 
urement” of his sense of humor. When a characteristic cannot be 
dimensionalized in the manner we have described, its usefulness 
as a scientific concept is sharply restricted. 

When a characteristic of behavior can be dimensionalized, we 
then speak of it as a response dimension. If the characteristic or 
characteristics of the stimulus which produces variation in re- 
sponse can be dimensionalized, we may then speak of a stimulus 
dimension. If a pure tone is made to vary in frequency (cycles 
per second), the. subject ,usually reports that he hears a con- 
comitant variation in Pitch. Cycles per second is thus the stimulus 
dimension, and perception of pitch changes correlated with it 
make up the response dimension. Or, rate of learning varies as a 
function of the degree of meaningfulness of the material. Mean- 
ingfulness is the stimulus dimension; rate of learning the response 
dimension. 

It now becomes apparent that stimulus dimensions are also 
stimulus variables as we have used the latter term previously. 
Stimulus variables are related to variations in response; so are 
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stimulus dimensions. What is the difference? The difference as 
used here is that stimulus variables include stimulus conditions 
which are not dimensionalized. A non-dimensionalized stimulus 
variable produces changes in the response but we are not able to 
relate the stimulus changes to the response changes. In the hypo- 
thetical experiment on print types we have stimulus variation— 
three different kinds of print—but the characteristics by which the 
print types varied were not dimensionalized. Perhaps these print 
types could have been dimensionalized since they would vary in 
height, width, and stroke width. As we discussed the experiment, 
however, we merely had three distinct print types. Our results 
would be sound enough, but without dimensionalizing the char- 
acteristics, we could not describe the relationship between any 
given characteristic of the stimuli and the responses evoked thereby. 
When stimulus conditions are grossly judged to be different and 
when the characteristics in which they differ are not dimensional- 
ized, indeed, often not specified, the differences are sometimes said 
to be qualitative. An increase in the number of dimensionalized 
stimulus variables and a decrease in the number of qualitative 
variables is an indication of scientific advancement. 

We are now ready to refine our conception of the experi- 
mental framework of psychology. We have seen that all stimulus 
dimensions are stimulus variables, but that all stimulus variables 
are not dimensionalized. All response variables, the dependent 
variables, must be dimensionalized to be scientifically useful. To 
incorporate the concept of dimensionalized stimulus variables, we 
modify Fig. 1 as shown in Fig. 2. We have depicted a single 
stimulus characteristic to indicate that all stimulus conditions 
which are dimensionalized vary from high to low in terms of 
amount of that characteristic. A part of the experimentalist’s work 
is to determine the relationships between variations of stimulus 
dimensions and the corresponding changes in the response dimen- 
sions. In actual practice, several rather equally separated points 
along the stimulus dimension are used as the specific stimulus 
conditions. Plotting these amounts against the amount of corres- 
change (if any) shows the empirical relation- 
derstood at this point that Fig. 2 is not intended 
hat there is necessarily a one-to-one 
e stimulus and variation in 


ponding response 
ship. It must be un 
to convey the impression t 
relationship between variations in th 
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the response. The work of the experimental psychologist would 
be much simpler if such relationships did hold. 


High High 

5 B 
2 S 
w = 
2 a 
no — 3 
3 Š 
2 z 
= 

5 z 
Low Low 


Fic. 2. Refinement of the framework of experimental psychology to include 

© concepts of stimulus and response dimensions. For each stimulus dimension 
and for each response associated with it, this representation would apply. The 
diagram suggests a one to one relationship between the stimulus and response 
dimension. This is rarely the case, but the figure is drawn this way for greater 
simplicity. 


Physical and psychological stimulus dimension. In the 
study of many psychological Processes the stimulus dimension is a 
physical scale, being stated in terms of inches, cycles per second, 
decibels, and so forth. Such stimulus dimensions are called physical 
Stimulus dimensions. We have other stimulus dimensions which are 
peculiarly psychological—meaningfulness is an illustration—and 
these may be called psychological stimulus dimensions. Chapters II 
and III will deal largely with the relationships obtaining between 
physical stimulus dimensions and response dimensions; Chapter 
IV will be concerned primarily with relationships between psy- 
chological stimulus dimensions and response dimensions for our 
more simple response categories. Response dimensions, of course, 
are always to be thought of as psychological dimensions. If one 
prefers, the word continuum may be used synonymously with the 
word dimension, 

Questions must arise concerning the assigning of numbers to 
dimensions. Objects or events of the physical world are almost 
always described by reference to numbers. The wing span of the 
plane is 42 feet, 6 inches; the temperature of the room is 68 degrees 
Fahrenheit; the load of coal weighs 4205 pounds; the speed of 
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the turbo-jet plane is 462 miles-per-hour. Characteristics which 
are dimensionalized are assumed to vary in infinitely small amounts, 
though the measuring unit may vary markedly in magnitude. The 
unit of length measure may be as small as 1/10,000 of an inch for 
certain stituations, whereas for others a measurement in miles may 
be used. Whether or not numbers are assigned to a dimension 
depends upon several considerations; however, the assignment of 
numbers is not necessary, it is only desirable. The penchant which 
scientists have for metricizing or numberizing dimensions of 
description is due to the fact that the finer the quantification the 
better the description of the phenomenon in question; hence, a 
more precise prediction of it can be made for a given set of condi- 
tions. We may, however, have useful dimensions for describing phenomena 
and use only words to identify points along the dimension. We could, 
if necessary, have a dimension of length without using numerical 
units. We could agree that the Empire State Building is taller 
than the Brooklyn Bridge, that the Brooklyn Bridge is taller than 
an oak tree. In summary, then, it may be said that we assign 
either numbers or words to successive points along a dimension to 


meet the requirements of a dimension. 


THE ORIGIN OF EXPERIMENTAL PROBLEMS 


J-wonder-what-would-happen type. Many students, first 
faced with the task of finding a problem to “do an experiment on” 
are at a loss. Many candidates for the Master’s Degree often grope 
for a problem which they think should be attacked experimentally. 
Yet, once they get beyond this stage of having done their first 
nt, they are sometimes bothered by not having 


do all the experiments they have outlined. Many 
“How do people think of 


major experime 
enough time to 
beginning students have often asked: 
all these experiments?” 
There is really nothing 
mes under experimenta 
past, ironically enough, psychological pr 
attacked experimentally have been so 
situations that the experimenter was un 
need” as a result of his personal contact wit 
vironment. Yet, any question, any problem, or any 


magical in the processes by which a 
l investigation. So often in the 
oblems which have been 
divorced from practical 
likely to develop a “felt 


h the everyday en- 
“felt need” 


problem co; 
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for an answer to a question about human behavior is potentially 
an experimental problem. In some cases, of course, it is not pos- 
sible to devise an experiment that will answer the question. 

It seems true, especially in the early development of a science, 
that many of the experiments are the result of the I-wonder-what- 
would-happen-if-I-did-this type of question. One might ask: “I 
wonder which would be most efficient, having my students study 
by reading each paragraph three times before going on to the 
next, or having them read the entire assignment over once, then 
again, then the third time?” The industrial relations director 
might ask: “I wonder what would happen if we paid our employees 
once a month instead of once a week?” The comparative psy- 
chologist might ask: “I wonder how it might affect the speed of 
learning if I fed the rats only after every other trip through the 
maze?” You might ask: “I wonder which would be best for me, to 
study 15 minutes, rest 15, and study 15 more, or study the full 45 
minutes?” 

In more technical language the I-wonder-what-would-happen 
type of question is seeking to know whether or not the factor in 
question is an effective stimulus variable, i.e., will it influence the 
response ? 

Pli-bet-this-would-happen type. As more facts are accu- 
mulated within a science the I-wonder-what-would-happen type of 
problem gives way to what we may call the I’ll-bet-this-would- 
happen-if-I-did-this type. In other words, the experimenter is 
making a shrewd guess, or if we dress the language up a bit, he is 
formulating an hypothesis as to the effect of the variation of a certain 
stimulus variable. His experiment will test the hypothesis. The 
experimenter already has certain facts and from the implications of 
these facts he decides, or deduces, that if he performed another 
experiment of a certain nature the result would be such and such, 
This procedure, to most scientists, is a fascinating game. Here also, 
the experimentalist is not so interested in discovering new variables 
but rather in determining the exact influence of various amounts 
of a condition known already to be a significant variable. 

The V’ll-bet-this-would-happen type of problem is usually gen- 
erated, not from facts alone, but from theories which the scientist 
formulates to account for those facts. Theories attempt to explain 
obtained facts and if the theory is a “good” theory, it will go 
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further and suggest new relationships which should be found. 
Finding these new relationships is thus the function of experi- 
mentation. Empirically discovered relationships, then, do not in 
themselves explain the basic mechanisms which are back of those 
relationships. This is the function of theory. Let us consider an 
illustration. 

One of the best-known empirical relationships in psychology 
is that with the passage of time, forgetting takes place (there are 
a few exceptions). Time, in this relationship, is the independent 
variable and the amount forgotten the dependent variable. Are 
we then to say that forgetting is caused by the passage of time? 
We may, but it is an exceedingly low level of explanation. Inde- 
pendent variables are not customarily used as explanatory con- 
cepts. What we would need in the way of explanation, hence in 
the way of theory, is some process which changes in a systematic 
fashion with the passage of time and which could bring about for- 
getting. At present the single most generally favored theoretical 
concept to explain forgetting is that of interference. During the 
passage of time we learn other things which interfere with the 
material already learned. For illustrative purposes, assume that 
the only empirical relationship. we have at hand is that between 
the passage of time and the amount of forgetting. Someone pro- 
poses the interference theory. Now note that such a theory 
immediately suggests other experiments to determine other 
empirical relationships. Of course someone has to do the sug- 
gesting, but the point is that the theory demands that other 
relationships must hold if the theory is sound. For example, if the 
theory is tenable it should be found that the forgetting of material 
is faster the greater the amount of subsequent material learned. 
If adequate experimental tests of this specific proposition do not 
confirm it, we would be forced to throw out the general- theory 
of interference or else modify it drastically. A good theory, then, 
will not only explain the facts at hand but will also suggest new 
relationships. The most useful theories are those that clearly 
point toward empirical relationships which can be determined 
experimentally. 7 f 

The more facts we have the more generalized or expansive our 
theory becomes and the greater the number of experimental prob- 
lems which are in turn suggested by the theory. It seems likely 
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that few scientists have to do more than one or two experiments 
before countless others. are suggested to them by the facts they 
have gathered and by the theory they have formulated to account 
for those facts. 

Good scientific theory develops the I’ll-bet-this-would-happen 
stage of scientific advancement. It is reasonable to presume that 
experiments suggested by this kind of thinking generally indicate 
that a science has passed out of the kindergarten stage, for in order 
to formulate reasonable theory the scientist must have a certain 
number of well-established facts at hand. These facts are the 
product of prior experimentation. For most scientists, experimenta- 
tion is a sterile occupation unless some theory is involved. Theory 
is the unifying element of science; theory directs experimentation; 
theory provides broad generalizations for organizing masses of 
data; theory makes of science a comprehensible affair which a 
mere array of facts will not; testing a theory often provides the 
powerful motive needed to get laborious experimentation 
completed. 

Psychology is getting well launched into the I’ll-bet-this-would- 
happen stage. Most of the experiments to be reported in this book 
were predicated on some theory, although lack of space will 
prohibit any extensive consideration of these theories. However, 
because of the basic nature of learning, we shall devote one chapter 
to experiments built around theories of learning, thus illustrating 
the tie between theory and experimentation. 


STEPS IN EXPERIMENTATION 


Most experimental procedures fall quite naturally into four 
rather distinct steps: (1) Statement of the problem, (2) Design 
of the experiment, (3) Performing the experiment, and (4) Inter- 
pretation of the data. 

Statement of the problem. The problem may be stated in ques- 
tion form but more likely it will take the form of an hypothesis. 
Thus, a theory is stated and an experimental relationship, deduced 
from the theory, is proposed. The experiment then attempts to 
discover the degree of relationship which exists in fact and thus 
supports or denies the theory. It is obvious that the theory and 
experimental problem must be related in an unambiguous fashion. 


sa 
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Negative results, i.e., results which do not confirm the hy- 
pothesis, do not always discredit a theory. Certain factors may 
have been discovered during the execution of the experiment 
which were not anticipated during the planning. In such cases 
the experiment may be said to be an inadequate test of the 
hypothesis. Usually, careful planning of the experiment, following 
careful consideration of the propositions suggested by the theory, 
will reduce such incidents to a minimum. 

Beginning experimentalists sometimes confuse the material being 
used to determine a relationship with the relationship itself. For 
in one laboratory course we were attempting to deter- 
tween the degree of meaningfulness of 
the material to be learned and the rate of learning. Nonsense 
syllables were selected as the learning material. These had been 
sorted for differences in meaningfulness in an earlier experiment, 
In the written report of the experiment one student indicated the 
problem as being: the learning of nonsense syllables. To this par- 
ticular student the learning of nonsense syllables was a problem 
and he had apparently confused his personal activities and diffi- 
culties with those of becoming an experimentalist. 

Let us take the above problem and see how it might be stated 


in several forms. 

1. He might lose the question as an I 
happen type. He would state the purpose of th 
attempt to get an answer to the question: 
influence the rate of learning? 

2. The I-wonder-what-would-happen type of approach may 
also be stated in more explicit fashion as follows: To determine 
the relationship between meaningfulness of material and the rate of learning 
as shown by the learning time of nonsense syllables of different degrees of 
meaning fulness. This is an explicit statement of the problem and 

be tested. The statement 


also indicates the general way it is to : i 
of the problem assumes in effect that there is a relationship, and 


the purpose of the experiment is to discover exactly what that 


relationship is. 

3. If he stated the problem in hypothesis form he would say: 
The problem is to test the hypothesis that the rate of learning isa 
direct function of the degree of meaningfulness of the material to be 


learned. 


example, 
mine the relationship be 


-wonder-what-would- 
experiment as an 
Does meaningfulness 
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Which one of the above three forms one uses is not determined 
on any “right” or “wrong” basis, but rather by the amount of 
knowledge the experimenter already has concerning the problem, 
plus any personal likes he has for stating problems in certain ways. 

Designing the experiment. The general direction or general 
form the experiment takes is usually suggested by the question 
asked or the hypothesis stated, but the precise planning of the 
details is a different matter. Here is where experimental skill 
shows itself. All potential stimulus variables must be controlled. 
Here also a statistical knowledge is necessary so that the data to be 
gathered can be stated in acceptable quantitative terms. Always in 
designing an experiment we keep two general questions in mind: 
“Will this give a satisfactory answer to the question or be an 
adequate test of the hypothesis?” and “Do I have all potential 
stimulus variables controlled except one?” 

This step in the experimental procedure is the major training 
ground for the neophyte experimentalist. 

Performing the experiment. If the experiment has been 
designed carefully and if the experimenter is fully æ are of the 
necessity of maintaining constant conditions, this step is of a routine 
nature. Certain skills may be necessary, especially if the apparatus 
used is complex. Experiments may fail during this stage simply 
because the experimenter is unaware of gradual shifts in his proce- 
dure. Many of the automatic laboratory devices now in use 
eliminate much of the human control, but even these are subject to 
errors that may confound the results even if the experimenter is 
skilled in the use of the apparatus. Many beginning students of 
experimental procedure find the constant repetition of conditions 
(which is necessary in many experiments) exceedingly boring, and 
indeed it usually is. However, this should never be allowed to affect 
the attitude toward the procedure or toward the subject. Even 
casual remarks to the subject, or to an occasional subject, may pro- 
duce variation in the results. For example, a subject may be learning 
a list of words under standard laboratory conditions. If by any 
comment or expression from the experimenter, no matter how 
subtle, the subject gets an idea that his ability to learn the list 
of words is a measure of his intelligence, the results may be 
considerably different. There is no reason why laboratory condi- 
tions should change as a function of the experimenter if that 
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person is fully and constantly aware how absolutely essential it is 
to maintain rigid conditions. 

Interpretation of the data. In most cases interpretation 
consists of making the statistical computations and evaluating the 
results of those computations so that one obtains an asnwer to the 
question prompting the experiment, or a confirmation or negation 
of the hypothesis being tested. Facility in this area will usually 
follow automatically the skill developed in carrying out step two. 
In addition, however, the data may suggest extensions of the 
original theory or it may suggest new theory. How does one learn 
to theorize? It is a good guess that we learn this skill in the same 
manner we learn anything else—by practice. 

In writing experimental reports it is customary to follow some- 
what the same order as employed in carrying out the experiment. 
Five sections may be used as follows: 

1. Statement of the problem. This section may include back- 
such as a summary of related studies and a 


ground material, 
the experiment is to be 


presentation of the theory with which 
concerned. 

2. Detailed statement of the procedure used. 

g. Presentation of the results. Graphs and tables are commonly 


used to summarize the basic findings. 
4. Interpretation or discussion of the findings with their implica- 


tions for theory and future research. 
5. Conclusions and summary. 


PLAN FOR INTEGRATING AREAS OF STUDY 
ectives to accomplish in this book: 
(1) To obtain a knowledge of the influence of known major variables 
which have been shown experimentally to influence behavior; 
(2) To get a critical appreciation of sound experimental design. The 
the acquisition 


first objective points toward factual subject matter, tas i 
ching the second objective, since we 


of which is mandatory for rea : oe 
can best design experiments if we know what variables need to be 


controlled. 

It has become customary to approach experimental psychology 
stepwise through different areas of subject matter and this is what 
we shall do. It has also been customary to find that most students 


We have two major obj 
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have difficulty in integrating the areas of experimental psychology 
into a relatively simple conceptual structure. Of course one could 
know in advance that no structure is going to be completely satis- 
factory. For the areas to be covered in this book the author feels 
that the basic diagram proposed by Dashiell (76) and since used 
by Melton (254) and Shaffer (348) is fairly adequate. This diagram, 
considerably elaborated, is shown in Fig. 3. 

First, we need to know the methods which have been used to 
study the organism’s sensory and perceptual capacity. We should 
know the methods which have been used to determine the char- 
acteristics of the responses evoked by physical stimuli to which 
the organism is sensitive. We should know something of the factors 
which determine simple judgments and sensory discriminations. 
We shall call all of these by the term, discriminal processes. 

The next area of study is motivation. This is a major variable in 
all behavior. The arrow in Fig. 3 is intended to indicate that the 
organism is motivated toward a goal. 

The hypothetical organism with which we are dealing in Fig. 3 
has no ready response to the stimulus complex (including the 
a smooth, well-developed behavior pattern will not 
of no immediately available response, is 
The behavior which results from even 
al-directed behavior has many experi- 
mental facets. Here we will be concerned with experimental 
work on frustration and conflict and associated emotional states. When 
a behavior sequence is blocked the organism usually shows trial 
behavior, varying its response until the “correct” response is 
discovered. What the organism does at the barrier point seems 
to be in large part a function of its past experience. We shall study 


the particular problem known as transfer of training. ; 
Continuing from left to right in Fig. 3, we can see that if the 
organism persists in the direction indicated by the motive and 


goal, the “correct” response is hit upon and we have the first 
stages of learning—the acquiring of new responses or the modifi- 
cation of old responses. If we allow a period of time to elapse 
and then test the organism in the same situation, we are in effect 
making a test for forgetting. If there is continuous repetition of 

ond the point at which learning ceases, 


the correct response far bey’ 
we have the situation which is commonly called work. 


motive) ; 
appear. This situation, 
represented by the barrier. 
the temporary blocking of go: 
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Figure 3, then, indicates the areas of study with which we will 
be concerned. Three working principles should be called to your 
attention since they indicate reasons for including and excluding 
certain material. 

1. We will consider animal experiments an integral part of our 
study. There are three reasons for this: (2) many of our best- 
known theories of behavior are grounded at least in part on data 
obtained from animal experimentation; (b) a great many psy- 
chologists are engaged in research using animal subjects; (c) some 
of the finest experimentation, from the standpoint of careful 
control, is being done in the animal laboratories, 

Lest you be misled you will find that you are consistently 
cautioned against making too hasty an application of the principles 
of animal behavior to the interpretation of human behavior, and 
vice-versa. This book will not, however, determine when you 
should, and when you should not, make such an application. We 
may only point out that in many instances there is a high similarity 
between principles of animal behavior and principles of human 
behavior. 

2. No distinction will be made between so-called “applied” and 
“pure” experimental psychology. Sound methodology is always 
necessary to determine relationships between stimulus conditions 
and responses, and sound methodology makes no distinction 
between problems of a pure nature and problems of an applied 
nature. It is our purpose to give the initial training in sound experi- 
mental procedure; it is up to the individual to do what he will with 
that training. The illustrative experiments throughout the book 
will include certain “applied” experiments as well as experiments 
that are called “pure.” 

In a real sense the distinction between pure and applied science 
lies in the attitude of the working scientist. If he is doing work 
which has rather immediate social or practical application, and if 
this is the reason for his work, we would say he is working on 
applied problems. If a scientist cannot see such value to his work 
in the proximate future and continues to labor in spite of that, 
then he might be called a pure scientist. Whether an experiment 
is to be considered pure or applied must be determined by the 
attitude of the experimentalist at the time of its execution because 
human vision is so limited that work which we might call pure 
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today may, under certain conditions, become very much applied 
tomorrow. Of this the history of science shows many illustrations, 

3- Some of the chapters in the book will be organized around 
consideration of the major stimulus variables which influence the 
process under consideration. There are certain variables inherent 
in the subject, such as age, sex, and height, which we shall not 
consider except in special instances. An experimenter cannot 
manipulate a subject’s chronological age in the laboratory in the 
same manner that he can the subject’s motivation. If he is interested 
in chronological age as it relates to a certain response variable, 
he will choose groups of subjects of different ages. In passing it 
may be noted that we shall not be concerned with individual 
differences to any appreciable extent. Both of these limitations are 
made because of lack of space, and not because they are unim- 
portant problems. Our approach will be, in effect, a dimensional 


analysis of manipulable variables. 


SCIENTIFIC ATTITUDE 


We have already mentioned that nothing is more important for 
the beginning experimentalist than to develop actively a critical 
comprehension of experimental design. This ability, like the 
ability to handle the calculus, a foreign language, or a scalpel, can 
only be mastered if constantly practiced. It requires constant 
application to develop what has come to be known as the scientific 
"e analysis of the scientific attitude is a difficult under- 
taking. It seems at present that the best that can be done is to list 
some adjectives describing the behavior which seems to go with 
the attitude. In the first place, the scientific attitude is one of 
caution. It accepts alleged relationships only after some investiga- 
tion of their derivation. In other words, method is all important. 
It is critical of generalized statements based on a small amount of 
data. It is skeptical of theory which is not anchored in empirical 
observations and is usually not concerned with theory which does 
not embody provisions for directing experimentation. Sometimes 
the scientific attitude has elements of cynicism in it, for it seems 
to evaluate the adequacy of experiments performed by “great 
names” with the same thoroughness as it evaluates those performed 


PE é eran 43 K aan T d 
apa. REg 


Gan tie caw cnee 


ot 


st 


a 


“a 
a Da 


$ 


22 EXPERIMENTAL PSYCHOLOGY 


by “unknowns.” The scientific attitude is certainly imaginative. 
It is able to grasp relations and to propose experiments for testing 
theories and difficult problems. It is fortified with statistical tech- 
niques which force one to think in terms of the probability that 
an event will occur and not in terms of a dogmatic “will-happen” 
or “won’t-happen” assertion. Finally, and above all, the scientific 
attitude is a pragmatic assumption that the fundamental laws of 
nature can best be determined by sound research fitted into a 
theoretical framework. Yet it should be understood that there can 
be no bias attached to experimental procedure as such, for certain 
basic principles of conduct are accepted as premises when one 
adopts the experimental method as a method for discovering the 
laws of nature. The reliability of experimental fact is then deter- 
mined on the basis of how far, if at all, the experimenter has 
deviated from those rules for conducting experiments. 


ODDS AND ENDS 


1. As new concepts are introduced they will be defined. For 
ready reference a glossary of these concepts will be found at the 
back of the book. 

2. The terms subject and experimenter, since they occur so fre- 
quently, will be abbreviated hereafter. Subject will be written, $ 
plural, Ss. Experimenter will be written Æ; plural, Es, 


SUMMARY 


In this chapter we have introduced the basic concepts needed 
to discuss experimental work in psychology. Illustrations of con- 
trolled experimentation have been given to indicate some of the 
general factors which have to be considered in evaluating experi- 
mental designs. 

We have discussed how experimental problems arise and have 
emphasized the importance of theory in suggesting experimental 
problems. Steps which experiments usually follow have been 
indicated. Considerable time was spent on the concept of dimen- 
sion, because thinking in dimensional terms seems fundamental to 
the design of experiments for the exploration of the effect of 
variables, 
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The successive areas of study as they will appear in this book 
have been diagrammed by following through the sequence of 


possible events of an organism placed in a problem situation. 
Finally, we discussed what seem to be some of the components 


of the scientific attitude. 


CHAPTER II 


Discriminal Processes: Methods of Study I 


INTRODUCTION 


We are able to respond in a selective fashion to the enormous 
complex of stimuli which impinge upon us at all times. We tend 
to take it for granted that because we are what we are certain 
stimuli will cause us to respond in one way, that other stimuli 
will bring about quite a different response, and that some apparent 
stimuli will elicit no noticeable response. The selective capacity 
of the organism, that is, the ability to respond in different ways 
to different stimuli, presupposes what we shall call the discriminal 
processes. The organism is constantly “exercising” these processes, 
Hence, such different reports as: “I’m tired,” or, “I’m not tired”; 
“It is raining,” or “It isn’t raining”; “This is better than that”; 
“This coat is a darker brown than that one”; “That mountain 
peak must be about 30 miles away”; “These fence posts are out of 
line”; “I prefer Brahms to Debussy”; “Those two lights are of 
equal brightness.” 

For the most part, researches concerned with the discriminal 
processes have, for purposes of study, assumed these processes to 
be relatively unchanging. That is, little work has been done toward 
modifying these stimulus-response relationships so that the modifi- 
cation is relatively permanent. Cross-sectional analysis is the pro- 
cedure wherein E attempts to determine the organization of the 
stimulus-response relationships as they already exist, with scant 
attention to the problem of how these relationships developed. 
By hundreds of such analyses, having their beginning even before 
Wundt established his laboratory in 1879, a multitude of stimulus 
conditions affecting the discriminal processes l have been dis- 
covered. We shall not be able to treat these stimulus conditions 
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Rather, our major purpose will be to give 
a rather comprehensive consideration of the methods of experi- 
mentation which have been employed to study the discriminal 
and we shall illustrate these methods with a wide sampl- 
the breadth of the problems to which the 
lied. Selective references at the end of 
n which a systematic treatment 


in a systematic manner. 


processes, 
ing of studies to show 
methods have been app 
Chapter IV will give sources i 
of the stimulus variables has been made. 

E’s job is that of relating variations in stimuli to variations in 
response. In studying the discriminal processes there are two 
distinct stimulus situations which have been used: (1) stimulus 
situations in which variation is described by physical dimensions; 
(2) situations in which variation in the stimuli cannot be meaning- 
fully described by physical dimensions. Let us illustrate the dif- 
ference. We present two stimuli to S, one a tone of 1000 cycles 
and the other of 1008 cycles. S is asked to judge which tone has 
the higher pitch. In this case we know the physical stimulus values 
—1000 and 1008 cycles—and we can relate the changes in cycles 
anges in perceived pitch. On the other hand, we might pre- 
odernistic paintings and ask him which of the 
paintings rather defy description in terms 
lues. We have varied the stimulus situation, 
to describe that variation in terms of 
description may be meaningful in some 


to ch 
sent S with two m 
two he prefers. These 
of physical stimulus va 
but we do not attempt 
physical dimensions. Such 


cases, but in many it will not. 
This and the following chapter will deal largely with situations 


of the first kind—situations in which stimuli are varied along a 
physical dimension. Methods used to study the stimulus-response 
relationships in these situations are commonly called psycho- 
physical methods. In Chapter IV we shall deal with situations of 
the second kind. As in most attempts at classification, we shall 
find it impossible to distinguish sharply among the methods as 
here classified. Titles or names of procedures should, therefore, 
be considered modal points around which one may organize his 
thinking, not mutually exclusive categories. Methods of experi- 
mentation will vary somewhat even though given the same name. 
We shall illustrate the “pure” method and then give samples of 


the procedure as it has been used in practice. 
The two psychophysical methods to be considered in this 
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chapter are: (1) The method of average error, sometimes called 
the adjustment method; and (2) The method of limits, sometimes 
called the method of minimal changes. 


THE METHOD OF AVERAGE ERROR 


The Method 

A housewife shows an interior decorator a sample of a very 
light pink color and asks that a room be painted that color. Since 
the color is not commercially produced, the decorator must mix 
paints to obtain it. Using standard white as a base, he very slowly 
adds red, stirring all the while, until the mixture appears to be 
a good match for the sample given him by the housewife. Un- 
knowingly, the decorator has employed the method of average 
error as it would occur on a single trial in the laboratory. 


Fic. 4. The Miller-Lyer illusion. Line A appears to be shorter than Line B 
though both are 1} in. long. To determine the amount or extent of the illusion, 
apparatus is used in which the length of Line B is adjustable. S is asked to make 
several independent settings of Line B each time so that it appears to be equal 
in length to Line A. 


The method of average error was designed to study the pre- 
cision of observation or the precision of any matching procedure. 
If we state this in converse fashion, we would say that the method 
is used to study the errors which enter into observations. A good 
illustration of the method as it is applied in the laboratory is 
afforded by the well-known Miiller-Lyer illusion experiment. 
Figure 4 shows this illusion. The differences in the direction of 
the “tails” tend to make Line B appear longer than Line A, 
even though physical measurements show they are exactly the 
same length. In using this illusion as a laboratory device, Line B 
is constructed so that it is variable, i.e., can be made longer or 
shorter. In determining the extent of the illusion, S is asked to 
make the length of Line B equivalent to the length of Line A. 


We would say, then, that the method of average error consists in 
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presenting S with some constant or standard stimulus and asking him to 
match it by manipulating a variable stimulus. 

We may already suspect that a single match of the standard and 
variable would not be sufficient for a good index of the accuracy 
of observation. We will expect fluctuations or variations in S’s 
responses. Consequently, we will ask S to make several matches 
and then, after measuring the length of Line B for each setting, 
use a measure of central tendency of these lines—usually the mean 
—as the best estimate we have of the length of Line B which 
al in length to Line A. E sometimes sets B so that 
h longer than A, and sometimes he sets B so that 
it is obviously much shorter than A. The instructions to S in each 
case are that he should adjust the setting so that B is equal to A. 
The mean of these settings is the length of Line B which is sub- 
jectively equal to the length of Line A. We call the mean of the 
settings of B the length of subjective equality, although the gen- 
eralized term for various kinds of discriminations is the point of 
subjective equality. If we put this concept into a formal definition 
we would say that the point of subjective equality is that physical 
stimulus value of the variable which appears to be equal to the standard 


stimulus value. . 
Due to the illusory nature of the figure, Line B will nearly 


always be set consistently shorter than Line A. This illusion is 
quite powerful and naive Ss will be entirely unaware of the large 
errors they are making. The writer had constructed some of these 
illusions for use in the laboratory. The standard was 10 centimeters 
long. The construction was rather crude and the students were 
rather skeptical as to whether or not an illusion was being pro- 
duced when they started the experiment. One S, for example, after 
having made several settings said in effect: “These things aren’t 


any good—I don’t get any illusion.” An examination of the settings 


he had made, which he had not inspected on the data sheet, showed 
that his mean setting of B was 7 centimeters; on the average he had 


underestimated 3 centimeters or about go per cent of the total 


length of Line A. 
This illusion provi 


appears to be equ 
it is obviously muc 


des an excellent laboratory exercise, since it 
affords a good initial illustration of stimulus variables that will 
cause the response to vary- It can be shown, for example, that the 
length of the “wings” or “tails? will influence the extent of the 
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illusion. Also the angle at which the “wings” intersect the horizon- 
tal lines will influence the amount of illusion. We would thus say 
that the angle of incidence is a stimulus dimension which in- 
fluences the response and that the length of the “wings”? is a 
stimulus dimension which influences the response, the response 
in each case being the extent of the illusion. 

The geometrical illusions, of which the Miiller-Lyer is only one 
illustration, provide simple examples of how our discriminal 
processes do not faithfully reflect the objective world. We do 
not always see things as they exist in physically measured reality. 
One of the best natural illusions is the common observation that 
the moon appears much larger when near the horizon than it 
does when directly above us. There is no general agreement as to 
the basic causes for many illusions. We do know that they will 
vary with changes in the stimulus conditions and that many of 
them can be reduced or even eliminated with continued practice. 
But, as we have already discussed, since we do not use stimulus 
variables as ultimate explanatory mechanisms, the fact that the 
illusions can be made to vary by changing conditions does not 
satisfactorily explain them. Boring (31) presents in brief form 
several of the theoretical explanations which have been offered 
for various geometrical illusions. 

Constant errors. How much S errs in adjusting the variable 
stimulus of the Miiller-Lyer illusion is best represented by the 
difference between the mean setting of Line B and the actual 
length of Line A. This difference is called a constant error and 
gives a quantitative measure of the extent of the illusion in this 
particular illustration. A constant error is produced by a uniform 
condition, or better, a uniform set of conditions that tends to 
“throw” the response in the same direction. In the Miiller-Lyer 
illusion the constant error will produce underestimation of the 
length at which the variable should be set. Other situations may 
produce an error which will result in overestimation of the size to 
which the variable should be adjusted. It is possible that in certain 
situations some conditions may make for overestimation and others 
for underestimation so that the resulting point of subjective equality 
will be a function of the difference in the amount of influence of 
the two sets of conditions. : 


Every experiment, regardless of its simplicity, is subject to 
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possible constant errors, either because of the conditions of the 
experiment as such or because of the perceptual biases of S. In 
addition to the constant error produced by the illusion itself, the 
Miiller-Lyer experiment has two other possible sources of error. 
One of these is called the space error, the other the movement error. 
The space error may be thought of as a bias of S for judging the 
variable differently when on the left, with the standard to the 
right, than when their positions are reversed. To determine if this 
error is operating in the case of a given S, or in the case of a group 
of Ss, we would turn the apparatus over so that the variable Line B 
would be to the left of S half the time and to his right half the 
time. Separate records of the settings would be kept so that the 
amount of space error actually present could be determined. A 
space error is evident when the measurements with the variable 
to the left are significantly different from those obtained with the 
variable to the right. 

The error of movement may be thought of as a bias which $ 
may have for moving the variable outward as compared to moving 
it inward, or vice-versa. It is conceivable that different settings 
might be obtained if the variable is set shorter than the standard 
and then moved outward than when it is $et longer and moved 
inward. To measure the movement error—or to determine if it is 
present—we plan the trials so that S is moving the variable inward 
half the time and outward half the time, and we keep a separate 
record of the results of these settings. 

Even in so simple an experiment as the one we have been dis- 
cussing there may still be other factors producing constant errors. 
As in most experiments, there may be practice effects, i.e. S. be- 
comes adjusted to the situation and a gradual shift in response may 
occur. Furthermore, suppose S gradually becomes fatigued or 
bored and this brings about a shift in response. Inasmuch as these 
factors may produce a systematic trend in the responses we must 
identify them as conditions producing constant errors. These 
two constant errors, tice effects and fatigue effects, are 
potentially constant errors in almost all psychological experiments, hence, 
become factors wh dered in the design of all experi- 


ich must be consi 
ments. We must handle them in either of two ways: (1) dis- 
tribute the effects so that t 


hey do not differentially influence 
various conditions of the exp 


prac 


eriment, or (2) design the experiment 
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so that the effects can be measured. These are problems best taken 
care of by counterbalancing. 


Counterbalancing 

Let us outline the conditions which are necessary to handle ade- 
quately the constant errors in the illusion experiment. To get 
stable results we normally would require S to make a great many 
settings, perhaps 100 or more. However, for illustrative purposes, 
let us restrict our consideration to a few trials; namely, 16, since 
that will divide properly for the measurement of the various con- 
stant errors involved. Any greater number of trials could be 
multiples of 16. Let L stand for having the variable stimulus to the 
left and R to the right. Let O stand for having the variable set 
shorter than the standard (S then moves it Out), and let J stand 
for setting the variable longer and having $ move it In. The 16 
trials would then be as follows: 


L(4 trials) R(4 trials) R(4 trials) L(4 trials) 
OIIO P OIIO OIIO OIIO 
Note that the basic sequence is LRRL and OJIO (this could be 
RLLR and JOOI as well), which when generalized is usually 
referred to as the abba sequence. The reason for this sequence is 
that if we have systematic errors which influence the response in 
a greater and greater amount as the experiment proceeds, their 
effects will not be distributed unequally on any of the conditions, 

We need to pursue this further. 

Let us assume that systematic errors enter into the illusion 
experiment with ever increasing potency as the successive trials 
are run off. Suppose that instead of having the L and R settings 
LRRL as above, we had them LLRR, or simply, 8 trials L fol- 
lowed by 8 trials R. Under such conditions the effects of the 
systematic errors would be heavily concentrated on the R settings 
and would be of small consequence on the L settings which came 
early in the sequence. The assumption on which the abba order 
is based is that the progressive change in response which may 
take place as experimentation proceeds is a straight line function. 
This is illustrated in Fig. 5. The figure shows the hypothetical 
changes in the response which take place with successive trials as 
a consequence of the increased influence of factors making for 
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constant errors—such factors as fatigue, practice, and so forth. The 
abscissa (base line or X axis) indicates successive trials, o to n, 
the total of which is broken into four blocks and noted as abba. 
The ordinate (vertical or Y axis) is in hypothetical units indicating 


the amount of influence the constant errors have on the response 


we are measuring. 
The average influ 
in the response during the 
this we assume that the 
first trial of the experi- 
ment—the first trial in the 
a block—is uninfluenced 
by systematic errors. Thus, 
a weight of zero is as- 
signed. On the last trial 
in this a block 2 units of 
influence occur. Conse- 
quently, the average influ- 
ence on all trials in the a 
block would be 1. Simi- 
larly, in the first block of 
b trials the amount of in- 
fluence of the progressive 
error varies from 2 to 4 
units with an average of 
3. For each successive 
block of trials, a b b a, 
the change in response 
5, and 7 respectively. 


tions combined is 1 plus 7; 


on the b conditions is 3 plus 5; 
the a and b conditions is the same. This is: 


f a method of counterbalancing conditions. 


influence on both 
our first illustration © 
Its effect is that 
response changes p 

Now suppose we 
instead, aabb. In suc 
amount to an average © 
tions would amount t 


of distributin; 
roduced by systematic or progressive errors. 
had not used 


h case the change: 
f 2 units while the changes in the b condi- 


o 6 units. Thus, the responses would have 


ence of the factors making for constant errors 


first block of a trials is 1. To obtain 


o ~~ o 


w 


Amount of Influence on the Response 
> 


- 


Fe en ae 


(o 


Successive Blocks of Trials 


Fio. 5. How the influence of progressive 
errors on response can be equalized for all 
conditions by using the abba order of presen- 
tation. See text for complete explanation. 


due to the constant error factors is I, 3, 
The amount of influence on the a condi- 


or 8 units; the amount of influence 
or 8 units. Thus, the amount of 
g equally over all conditions the 


the abba order, but had used 
s in the a conditions would 
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been differentially influenced by factors which were not the 
subject of study, i.e., not the stimulus variable. The systematic 
counterbalancing of conditions to remove the differential effects 
of constant errors when they are not objects of study is an ex- 
tremely important procedure in experimental design and is one 
to which we will refer frequently. 

It should be mentioned that the systematic trends in response 
due to practice effects, fatigue, or what not, will probably not 
follow a straight line function. Even when the function is not a 
straight line, however, the use of the abba order will not produce 
a serious bias in the results and is certainly much better than doing 
nothing about the progressive changes. This can be demonstrated 
to your own satisfaction by drawing in various plausible shapes 
of curves, assigning numbers to the Y axis as we have done in 
Fig. 5, and then averaging the a’s and 6’s in the various instances. 
It will be seen that the differences which arise between the mean 
a@’s and mean b’s will be much less than if presented in aabb order. 
We do not, of course, have to divide our total block of trials into 
four units. We could, and it is often wise to do so, repeat the abba 
order. For example, in our 16-trial illustration above, we might 
use LRRLLRRL with two trials given under each rather than 
four trials. Our O’s and J’s would be changed correspondingly. 
In general, the greater the number of abba sequences for a given 
series of trials, the less the possibility that any condition will be 
differentially influenced by progressive errors. 

We cannot determine how much progressive change in response 
is due to fatigue and how much is due to practice effects, if any. 
All we can determine is whether or not there have been pro- 
gressive changes in response as the successive settings were made. 
A comparison of the mean of the first eight settings with the mean 
of the second eight settings will show whether or not there was 
a change from the first half to the second half. We might go more 
to the extremes and compare only the first four settings with 
the last four settings since they have been obtained under identical 
conditions except for the temporal point in the series of settings. 
If the mean of the last group of settings is greater than the first set 
(if the illusion is less), we would say that there has been a lessening 
of the efféct of the illusion with practice. If the mean setting of 
the last trials was less than the mean of the first trials (greater 
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illusion), we would say that there has been an increase in the 
effect of the illusion with an increase in the number of trials and 
then perhaps we might speculate that this is due to fatigue effects. 
Actually, the over-all trend which might be found could be a 
function of many factors, of which practice effects and fatigue 
are only two, and two very non-specific factors at that. We accept 
the fact that they are likely to occur and design all experiments 


accordingly. 


Distribution of 
all settings 


1 1 
i i 
Mean =! t 
‘ 1 
1 i 


hei 
Amount Constant 
Error 


Fic. 6. Schematic representation of results of one S on the Miiller-Lyer illusion. 
The intersection of the dotted “tails” on Line B indicates the length of Line B 
which on the average appeared to be equal to Line A. The distance from the 
dotted ‘‘tails” to the center “tails” indicates the length of subjective equality. 
The constant error is the difference between the length of subjective equality 
and the length which is objectively, equal to Line A. The measure of variable 
error would be the standard deviation of the distribution of all settings. 


We have discussed constant errors and have 
ble sources of constant errors. It should be 


understood that the constant error is not “really” constant from 
trial to trial. In the illusion experiment, the illusory nature of the 
figure itself produces a constant error, but it does not produce 
an equal amount of error on each setting. The constant error is a 
statistical abstraction. What causes these fluctuations from trial to 
trial? The causes are not known specifically, and when a source of 


error is not known and does not appear to be in any systematic 
ariable error. These errors may represent 


direction, we call it a v err 
in an instrument. Statistically we call them 


variations in S, E, or} the 
chance errors and usually measure them by the standard deviation 
or some other index of variability. In the same sense that we do 


not expect 12 tossed coins to constantly fall with six heads up 
and six tails up, We do not expect a given response to reproduce 


itself exactly from trial to trial. 


Variable errors. 
seen some of the possi 
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In a final reference to the Miiller-Lyer illusion experiment, we 
may diagram the hypothetical results from a single S for a great 
many settings. Figure 6 shows the constant error and the dis- 
tribution of individual settings. The standard deviation of this 
distribution of settings may be used as the measure of variable 


error. 


Illustrative Experiments Using the Method of Average Error 


An experiment on direction perception. Let us suppose that 
we are standing some distance behind an anti-aircraft gun whose 
barrel is vertical. A plane towing a target approaches from the 
right so as to pass directly over the gun. As observers we probably 
would think that we could tell when the target was directly over 
the gun, i.e., that a bullet fired and taking no time to reach the 
target would hit the target. This is essentially the sort of problem 
attacked by Salomon (328). Æ was concerned with two problems 
in direction discrimination: (1) what are the errors (both con- 
stant and variable) involved, and (2) what are the stimulus dimen- 
sions which can be manipulated to increase and decrease these 
errors? In the laboratory the situation is imitated, of course, with- 
out the aid of flying airplanes and anti-aircraft guns. 

E projected a line on a screen, tilted at about 20 degrees. Also 
projected was a small dot at some distance from the line. The 
projection equipment was so devised that S, by manipulating a 
knob, could move the dot at right angles to the upper end of the 
line. S’s problem was to set the dot so that the line, if extended, 
would pass through it. In our crude analogy above, S would have 
to move the target until it was directly over the line of direction 
of the gun barrel. The experimental problem is illustrated in 
Fig. 7. The series of unfilled circles shows how S could move the 
dot (filled circle) to the point judged to be the extension of the 
line. 

Because our judgments of relations of objects in the environ- 
ment are strongly influenced by other objects, it is desirable in the 
experimental situation to eliminate these objects unless we know 
their influence. Since we usually don’t know their influence, Æ 
will eliminate them from the situation, thus reducing the number 
of variables which may be operating. This, in effect, makes the 
situation more “pure,” and increases the probabilities that the 
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precise influence of a single stimulus variable can be determined. 
In technical language which has been applied to the perceptual 
situation, E is said to restrict the frame of reference. “The frame 
of reference may be defined as the background of stimulation 
which influences our behavior in a particular situation” (55, p- 17). 
If E restricts the frame of reference he is restricting the number 
of stimuli which may influence the response. Almost all laboratory 
situations modify the frame of reference by making it more 
homogeneous than situations in which the phenomenon occurs in 


“real life.” 
° 


Fic. 7. Illustration of the situation used by Salomon (328) in an experiment 
on direction perception. A tilted line and a dot (filled circle) were projected on 
a screen. The dot could be moved in either direction in the plane indicated by 
the unfilled circles. S attempted to set the dot so that an extension of the line 


would pass through it. 


In the experiment under consideration, Æ markedly restricted 
the frame of reference. The line and the dot were projected on a 
perfectly homogeneous white wall. There were no smears, no 
nails, nothing on the wall that would provide S with orienting 
cues, S sat in a small dark room and observed the line and dot 
through a circular opening 25 inches in diameter. Seated 3 feet 
from this opening, with his head held rather firmly by a padded 
steel frame, S could see nothing but the white background and 
the projected line and dot. The screen (white wall) was actually 
15 feet from S, but because of the lack of cues it was extremely 
difficult for S to tell how far he was from the screen. To have S$ 
looking through the circular opening at an homogeneous back- 
ground is an application of the reduction screen technique for 
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limiting the frame of reference. The reduction screen is usually 
used on a smaller scale, in that S’s eye is directly in front of a very 
small hole through which he can see only a limited area. 

Before running the main experiment, E tried out several pro- 
cedures to determine the most adequate method. This is often 
necessary when one attempts experimentation in a relatively new 
area or with new apparatus. These initial or preliminary studies 
are often called “pilot” or “‘test-tube” studies. We may wonder, 
for example, how it came about that Salomon used a circular open- 
ing. In pilot studies Salomon used both a circular and a rectangular 
opening. Finding that the judgments in the two instances did not 
differ significantly, i.e., that the shape of the opening was not 
a stimulus variable in this situation, she chose the circular opening 
because Ss seemed to prefer it. In the main experiment E used 
several lengths of lines projected on the screen since it was found 
that this was a major stimulus variable influencing the judgments. 
How did the length of lines used happen to be chosen? In pre- 
liminary work it was found that a line 1/4 inch long was the shortest 
length which yielded consistent observations. It was thus deter- 
mined that lines shorter than this would produce no useful results. 
In the main experiment, to be on the conservative side, the shortest 
line used was 1/ inch. 

In the illusion experiment we discussed the possibility of move- 
ment error. We have a comparable situation here. The dot could 
be set clearly below the direction point indicated by the line or 
clearly above, with S moving it up and down respectively. Pre- 
liminary experiments showed that there was no constant error 
involved in this task; hence, the design of the experiment did not 
have to account for that. These exemplify the preliminary findings 
used in determining the conditions for the main experiment. 

In the major experiment Salomon varied two stimulus dimen- 
sions: (1) the length of the line; and (2) the distance of the dot 
from the line. The line lengths used were four in number, .5, .75, 
11, and 22 inches. Three distances of the dot from the end of the 
line were used, these being .25, 2.5, and 5 feet. From this design, 
12 different empirical points, indicating 12 different combinations 
of line length and dot distance, could be determined for each S. 

For each 12 combinations of settings, 40 trials were given. Each 
of the 10 Ss thus made a total of 40 by 12, or 480 settings. Since 
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progressive changes in the response may take place as successive 
trials are run—changes due to fatigue, practice, and so forth, as 
already discussed—all Ss did not follow the same order of condi- 
tions. As in the illusion experiment, E distributed the progressive 
changes as equally as possible over all combinations of conditions. 
To accomplish this a random order of conditions was used. One 
S made his first 40 settings with a line of .5 inch and the dot 
.25 feet away; another S made his first 40 settings with a 22-inch 
line and the dot 5 feet away, and so forth, so that for all data for 
all Ss no combination of conditions was favored by appearing 
early or late in the experiment. The use of a random order of 
conditions for Ss is thus another way in which practice and fatigue 


effects may be equalized for all conditions. 
The following instructions were given to Os 
rception of direction. A line, like 
this, will be projected on the screen, and a dot a certain distance away 
is to be placed in the direction the line is pointing. (You can imagine 
it’s a gun shooting a bullet—put the dot where the bullet would hit it.) 
You will be sitting in this booth, with your chin on the head rest, 
and your left arm reaching out to this handle which moves the dot up 
and down. It moves about at right angles to the line. You can use the 
handle till you get the dot close to the right place, and then use the 


edge of the dial for the fine adjustment. 
“The purpose of the head rest is to keep your head horizontal, and 


to keep you from looking too far out and seeing the corners of the 
room. You can move your eyes as you want to, as long as you keep 
your head still. Set the dot by any method you want to. There is no 
time limit, but it is best to set it where you think it should be, where 
it looks right, quite quickly, and leave it there. Sometimes if you 
deliberate and think about it too much, the setting is not as good as 
the first impression. (328, p. 73) 


After three or four preliminary practice trials the experiment 
proper got under way. Note from the instructions that it is 
necessary for S to manipulate a dial and vary the position of the 
dot. However, this dial was so constructed that S could get no 
cues as to where he had set the dialon the preceding trial. Thus, 
there was no possibility of S’s simply setting the dial itself at the 
same place trial after trial without regard to the line and dot. From 
another calibrated dial hidden from S, E recorded the setting made 
by S on each trial. This was transferred at the same time into 
inches of error (or fractions thereof). E was able to determine 


This is an experiment in the pe 
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what constituted a perfect setting through the aid of a separate 
device; hence, S’s settings could be transferred quickly into a 
deviation-from-the-perfect score. 


TABLE 1 
VARIABLE ERROR IN THE PERCEPTION OF DIRECTION 
—— 
Length of Line (in.) 
Dist t. 

jie .75 11 22 

. 14 (.02 -17 (.04) .09 (.02) -10 (.03) 
250 92 ar 74 3 .58 (.08) -52 (.10) 
5.00 1.79 (.11) | 1.56 (.14 1.18 (.12) -86 (.10) 


ionship between the standard deviation (variable 
scott ie tbat ri distance _of dot from the line. The figures indi- 
cate the mean standard deviation of 10 Ss. The figures in parentheses are standard 
errors of the standard deviations. (1.00 equals .75 inch displacement on the 
screen). Data from Salomon (328). 


The results of this discrimination of direction experiment, as 
regards the variable error, are presented in Table 1 and Fig. 8. The 
table provides the detailed quantitative results and the graph will 
give a quick understanding of the basic relationships. From the 
table and the figure, two general relationships can be stated: 
(1) The greater the distance of the dot from the end of the line 
the less the precision of the response (the greater the variable 
error); and (2) the shorter the line the less the precision of response, 

So much for the variable error. Did Ss show any constant error? 
Was there evidence of any bias for consistently setting the dot 
higher or lower than the true projection of the line? At short 
distances there was little evidence for such a constant error, but 
when the dot was 5 feet from the end of the line (regardless of 
the length of the line), the dot was placed consistently below the 
true extension of the line. No cause for this bias is immediately 
discernible. 

During the main experiment which we have reviewed, Ss were 
never told how accurate their settings were. As we shall see later, 
knowledge of performance is an extremely important factor in 
most human learning. Supposing that in the Present experiment 
S was informed after each trial the direction and extent of his 
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error. We would probably predict better performance as a con- 
sequence of this procedure. In a minor experiment, Salomon did 
this very thing and found that the precision of response was in- 
creased considerably as a consequence of this knowledge of per- 
formance. This increased precision was most marked with long 
lines and short distances between the dot and line. Furthermore, 
the constant error which was present for the greater distances 


was greatly reduced. 


25 5.0 
Distance of Dot from Line (ft.) 


Fic. 8. Variable error in direction perception. Two relationships are shown: 
(1) distance of dot from line (abscissa) and variable error (ordinate), and (2) 
length of line (as noted) and variable error. Data from Salomon (328). 


was placed farther and 
ariability of response in- 
in length, variability 


Salomon found (1) that as the dot 
farther from a line of constant length, v 
creased; and (2) that as the line decreased 
increased. Thus, two stimulus dimensions have been explored and 
the precision of the discriminal responses involved determined. 
We do not conclude that these are the only two effective stimulus 
variables in the situation. We can surely suggest others which 
would probably influence the response—such factors as the dis- 
tance of S from the screen, size of the dot, width of the line, the 
amount of lighting on the screen. We can see that even in this 
relatively simple discrimination situation it takes a long series of 
researches to determine (1) which variables are effective in pro- 
ducing changes in response, and (2) precisely what those changes 
are as the stimulus dimensions are varied from low to high. The 
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collecting of complete data on a given response requires a systematic 
exploration of many stimulus dimensions. 


TABLE 2 


RELATIONSHIP BETWEEN LENGTH or Linz AND CONSTANT AND 
VARIABLE ERRORS IN THE LINE-DRAWING EXPERIMENT. 


Length of Standard Line 


Deviation SAE = a 
from Standard 16/16 in. 32/16 in. 48/16 in. 
— 3 0 0 2 
= 2 6 1 5 
= T 14 5 6 

0 56 9 11 
1 110 18 16 
2 126 46 38 
3 87 76 65 
4 33 87 T4 
5 8 76 60 
6 66 64 
7 36 45 
8 15 31 
9 5 13 
10 8 
11 2 
Mean length of 
reproductions 17.747 36.254 52.606 
Standard 16.000 32.000 48.000 
Constant Error + 1.747 +4.254 +4.606 
Standard Devia- 
tion 1,37 1.99 2.49 


Line-drawing experiment. There are many experiments con- 
ducted by the method of average error or slight modifications 
thereof which demonstrate how the precision of the different 
discriminal process varies with certain stimulus conditions. The 
so-called line-drawing experiment is a simple one and clearly 
indicates changes in the variable error as a function of a stimulus 
condition. E took three 5 inch by 8 inch cards and on one drew a 
straight black line 1 inch long; on another a 2-inch line, and on 
the third, a 3-inch line. These three cards were the standard 
stimuli for the experiment. S was given one card at a time and 
instructed to place it upright—with the line horizontal—at the top 
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of a sheet of unruled paper. S was then instructed to attempt to 
reproduce the length of this standard line with a single sweep of 
the pencil. No special sighting was allowed in making the repro- 
ductions and S covered all preceding lines so that each new line 
was drawn on an homogeneous field. No knowledge of results 


was given. 


130 = One Inch Standard 
— Two Inch Standard 
—-— Three Inch Standard 


Frequency 


=F S2 Sf o I 2 SS ae! MOM AT 
Deviation from Standard (%¢' 


Fico. 9. Results of line drawing experiment. Three standards were used as 
indicated and S made 440 reproductions of each. Deviation from standard is 
plotted against the frequency with which that deviation occurred. 


S made 440 reproductions of each standard for a total of 1320 
lines. These reproductions were distributed almost equally over 
12 experimental sessions so that, on the average, 110 lines were 
drawn during each session. An equal number of lines of different 
standard lengths was drawn at each session and a random order 
of presenting the standards was followed within each session. 

In calculating the results it was first determined how much S 
deviated from the standard on each attempted reproduction. 
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Measurements were made to the nearest 1/16 inch. For each 
standard there would be a distribution of 440 deviations from the 
standard. If the mean of these deviations is added to the standard 
it gives the length of subjective equality, while the mean itself 
indicates the direction and extent of constant error. 

Table 2 and Fig. g show the data obtained. Two facts are 
evident from the data on this one S: (1) As the length of the 
standard line becomes greater, the variable error becomes greater. 
This is shown by the increased range in Fig. 9 and the increased 
standard deviation in Table 2. (2) There is a constant error toward 
overestimation of the lines. 

Movement perception. A brief preliminary consideration of 
certain visual phenomena will aid in understanding the illustrative 
experiment to be outlined in this section. Theoretically, any 
reliably measured constant error might be considered indicative of 
the illusory nature of the percept providing the constant error is 
based on relative judgments and not on absolute judgments. That 
is, if we asked S to estimate the absolute length of a series of lines 
we would very likely find a constant error, but we would not call 
this an illusion as we have in the case of the Miiller-Lyer figure 
where the variable is compared relative to a standard. 

One interesting illusion is shown by fixating steadily a weak 
light source in an otherwise darkened room. After a short fixation 
period the light will appear to move. It may appear to move in 
any direction and most people are subject to the illusion. This 
phenomenon has been called the autokinetic illusion, and is an 
illustration of apparent movement—movement which objectively does 
not take place. There are many other illustrations of apparent 
movement. Neon signs which give the impression of movement 
actually show “stills” in quick succession. Without apparent 
movement Hollywood would not exist, since movies depend upon 
rapid presentation of successive still pictures to give the illusion 
of movement. The autokinetic illusion may be the cause for some 
airplane accidents. Flying formation on a dark night with only 
the weak tail light on the plane in front as a guide to spatial 
orientation may be a near perfect set-up for the autokinetic 
effect if the pilot does not continually break his fixation. Other 
phenomena of illusory character may be present during flight. 
Angular acceleration (change in rate of rotation) and g forces (as 
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exemplified by the outward pull on a merry-go-round or as felt 
in centrifugal swing) may each cause apparent movement of lights 
which are actually stationary (121). The true importance of these 
illusions for aviation safety must await further study. 

We may have distortion in the perception of real movement. 
This will be illustrated by one of a series of experiments by 
Ansbacher (5) in which the method of average error was used. 


~ 
at aed 


of the stimulus situations used by Ansbacher (5) in his 
erception of real movement. The are-shaped Garkened 


slit represents a slit of light which could be rotated at various speeds around the 
The length of this arc was held constant. The slit of 


circumference of the circle. 
light in the center of the circle was variable as indicated by the dotted extensions. 
S was to match the length of the slit in the center with that of the arc slit. 


The device used by Ansbacher is illustrated in Fig. 10. The two 
essential stimuli were slits of light, one, the standard stimulus, 
being an arc of light of 36 degrees—? [xo of the circumference 
of the circle of which it was a part. This arc could be made to 
rotate around the outlines of the circle at various speeds. The 
variable stimulus, a straight horizontal slit of light with a dot in 
the center, was located in the middle of the circle. The following 
instructions were given S: 
You will see two jlluminated figures: one stationary line here in the 
center, the length of which can be varied, and some other design rotating 
around the periphery of the disc in front of you. Look at the mark in the 
ine. The line will at one time be very short at the 


center of the stationary ] ill at one att 
beginning and expand slowly, the next time it will be long at the beginning 
and contract slowly- When the stationary line which is slowly being 


lengthened or shortened seems to you to be equal in length to the line or 
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figure you see moving around it, say “Now.” Make judgments only when 
your eyes are fixated on the center point of the line. Make quick judg- 
ments; do not deliberate in any way. We are not interested in how correctly 
you judge the actual length of the figure; we only want to know how long 


the figure seems to you. Everything will be explained to you at the end 
of the experiment. (5, p. 4) 


The device was designed so that the wheel would be rotated 
at different speeds. In the experiment, five different speeds were 
used; 0, 0.5, 0.7, 1.0 and 1.3 revolutions per second. Each S made 
10 judgments at each speed, and all 10 judgments for a given 
speed were made before moving on to judgments at another speed. 
Of the 10 judgments in each case, half were made with the variable 
set much longer than the standard followed by gradual shortening, 
and the other half were made with the variable set much shorter 
than the standard and then gradually lengthened. Six of 12 Ss 
started with the zero speed (judgments made with no movement 
of arc slit) and proceeded up the five speed steps. The other 6 Ss 
started with the top speed and worked down. As Table 3 demon- 
strates, the two groups of Ss produced different results, we 
may be a function either of differences in the perceptual ab re 
of the groups or of the order in which the judgments were ACT 


TABLE 3 
ERRORS IN THE Perception or REAL MOVEMENT 


| Speed of Standard (r.p- 


o s| o7] 10] 14 
ee | tae (Pace 
6 Ss starting with zero r.p.s, 10.2 9 3.9 
6 Ss starting with 1.5 rps, 12.3 19 f i re L5 
Ali Ss combined 13 | 100 | 84 | 52 | 27 


—— 


The standard or arc-shaped stimulus was 13 e 


s re > k centimeters long. The data show 
that this length was consistently underestimated in setting a variable stimulus so 
that the length subjectively matched the standard. Data from Ansbacher (5). 


Two facts stand out from inspecting the mean judgments in 
Table 3. It can be seen that Ss underestimated the length of the 
arc even when the arc was not moving. Furthermore, the data 
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are clear in showing that the underestimation increases directly 
as the speed of movement around the circle increases. This is an 
illustration of distortion in the perception of real movement and is 
te be contrasted with apparent movement. 


Summary of Section on the Method of Average Error 


1. In its basic form the method consists in presenting some 
standard stimulus to S and requesting that he match or reproduce 
this stimulus by manipulating another or variable stimulus. The 
method has been largely used to determine the precision of the 
discriminal processes. Our examples of the method have been from 
the field of vision, but the method is adaptable to discriminal 
processes for most sense modalities. , 

2. Such researches have resulted in the identification of certain 
stituations which produce consistent overestimation or consistent 
underestimation of the magnitude of the standard. These errors 
in observation are called constant errors. 

g. In addition to constant errors which may be a function of 
the stimulus as such, other systematic response changes may be 
brought about by practice, fatigue, and perhaps other factors. 
Unless these factors are the object of study, Æ must design his 
experiment so that they will not differentially influence the 
conditions. : 

4. Successive discriminations in the same situation show that 
the response fluctuates from trial to trial. For any given discrim- 
inal process, then, we expect a distribution of measurements 
indicating these differences from moment to moment. These 
distributions are evidence for what are called variable errors, the 
causes for which are not definitely specified. We may use the 
standard deviation of the distribution of measurements as an 
index of the size of the variable error. The variable error will 
change as a function of a great many conditions for any given 
situation, the study of this variation being one of the prime pur- 
poses of the method of average error. b i 

5. The errors of observation are not only topics of study in 
and of themselves but must necessarily concern all scientists who 
continually make observations. The less the variable error the 
higher the precision of prediction from the given set of condi- 


tions. 
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THE METHOD OF LIMITS 
Thresholds 


The method of limits has been used primarily to determine 
thresholds (limens). There are two sensory thresholds which have 
been defined: (1) the absolute threshold; and (2) the difference 
threshold. Let us illustrate these concepts before we give operational 
definitions, i.e., before we define them in terms of the methods 
used to measure them. 

Though the absolute threshold is sometimes called a stimulus 
threshold it might even better be called a threshold of response. 
Any energy to which the organism is sensitive must exist in a 
certain amount before it will arouse a response—before S will 
report the presence of a stimulus. The lowest stimulus value which 
will elicit a response is said to lie at the lower absolute threshold, 
For most people 16 to 20 cycles per second represents the lower 
threshold for sound. Frequencies below this are not heard. Since 
very high-frequency tones—approximately 20,000 cycles or above 
—can seldom be heard by most people, we can by experiment 
determine the upper absolute or terminal threshold. The range of 
stimuli from the lower absolute threshold to the upper absolute 
threshold for all characteristics or attributes of energies to which 
the organism is sensitive would define the stimuli to which one 
might expect a response. 

Individuals taking the physical examination for entering the 
armed forces were often given the “whisper test” for determining 
auditory sensitivity, The examiner had presumably built up a 
series of whispers of different intensities. At a specified distance 
from S he knew approximately what the normal lower absolute 
threshold should be. Then to determine if there were wide devia- 
tions from the normal, he crudely explored S’s ability to hear 
the whispers. For careful testing an audiometer (a device for 
presenting tones of known intensity and frequency) is used. 

Having heard a tone with a certain known frequency of vibra- 
tion, how large an increase or decrease in frequency will be neces- 
sary before $ will signify the pitch has changed? The amount 
of physical change necessary to bring this about is called the 
difference threshold—a just noticeable difference. Let us take another 
illustration. Given a standard weight of 100 grams, how many 
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grams will have to be added to that standard before S will indicate 
that the new stimulus is heavier than the standard? This again 
would be the amount of physical change necessary to produce 
a difference in the “felt”? weight. To use an everyday illustration, 
how much weight must a 100-pound woman gain before it becomes 


noticeable to her friends? 
Let us now be a little more precise with our definitions of the 


two thresholds: 

Absolute threshold: That minimal physical stimulus value (or 
maximal for upper thresholds) which will produce a response 
50 per cent of the time. 

Difference threshold: That physical stimulus difference that is 


noticeable 50 per cent of the time. 
As the above definitions indicate, we will have to apply statistics 


to get an adequate value for a threshold in any given situation. 
Thresholds will vary with individuals and they will also vary from 
moment to moment for a single individual. The measured absolute 
threshold or difference threshold on one trial will probably be 
somewhat different from the value on the next trial. The best 
measure we can provide of a threshold is a statistical abstraction— 
the mean or median of many threshold measurements. These may 
be taken on the same S if we wish to define his threshold, or we 
may take several measurements on many Ss if we wish to define a 
generalized threshold. 

One word of caution should be given concerning statistical 
abstractions. Considering a mean value as a measure of a threshold, 
students will occasionally fall into the error of wondering:, “But, 
what is the ‘real’ threshold?” This, of course, is an unanswerable 
stion. We can know phenomena only by the ways in which 
we measure or observe them, and for all scientific purposes the 
statistical threshold is therefore the “real” threshold. Johnson 
(183) tells of a study in which a group of speech experts judged 
the number of times a so-called stutterer stuttered. There was a 
wide divergence among these experts in their tabulations. John- 
son indicates that after reporting this study to a class he will 
occasionally get the query: “But, how many times did the person 


stutter?” 
Most students do not have diffic 
whether it be a stimulus thresho 


que: 


ulty conceptualizing a threshold, 
Id or a difference threshold. 
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Numerous personal experiences aid one to ground the concepts. 
At one time or another most people have viewed a star that was 
barely visible and have noticed that it seems to appear, then dis-. 
appear, and then reappear. A ticking watch held at a certain dis- 
tance from the ear will alternately be heard and then not heard; 
the ticking appears to wax and wane. At one moment you may 
be able to distinguish a difference in two shades of gray, whereas 
at the next moment the same two stimuli will yield no perceptible 
difference. The difference threshold varies in much the same 
fashion as the absolute threshold. Around the absolute threshold 
and at the difference threshold as we know them statistically 
there is truly an area of uncertainty which appears to expand 
and contract from time to time. 


The Method 


Lower stimulus thresholds. In a completely darkened room 
we have installed apparatus to measure your lower absolute 
threshold for light intensity. The apparatus allows us to increase or 
decrease the intensity of the light source so that it can be made 
clearly visible or not visible. (Actually, this apparatus would be 
extremely complex. In addition, S would have to be thoroughly 
dark adapted by remaining in the dark room at least 30 minutes 
before the experiment started. A fixation point consisting of a dull 
red light would be provided). In using this apparatus to determine 
your lower absolute threshold for light intensity, we may, (1) start 
the procedure by making the light plainly visible to you and then 
gradually reduce the intensity until you inform us that you can 
no longer see the light, or (2) we may start with the stimulus 
value of the light definitely below your threshold of visibility and 
then gradually increase the intensity until you report seeing it. 
Actually, we would give you both conditions, repeating these 
descending and ascending series a good many times in alternate 
order. For each ascending and descending series we would get 
a threshold measurement for you—momentary as it may be. We 
would get some composite of the measurements to give the best 
estimate of your lower absolute visual threshold under these 
conditions, 

Table 4 is a representation of ten series of measurements, five 
ascending and five descending, as they appear on the raw data 
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sheet prepared by E (cf. 422). Let us say that the intensity scale 
is in arbitrary numerical units rather than in terms of foot candles 
or millilamberts as would be the actual physical scale. In the table 
a plus indicates the light source as being reported visible by S, a 
minus indicates that it was reported not visible. 


TABLE 4 
ILLUSTRATION OF A SERIES OF MEASUREMENTS TO DETERMINE THE 
Lower ÅBSOLUTE THRESHOLD TO LICHT 


I+ ++++++ 


ud 
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10.5 11.5 


Individual 
Thresholds 


Mean Threshold Value: 10.8 


Standard Deviation: 1.27 


ries in Table 4 is indicated by the 


The transition point in each se 
ints where S reports that he sees 


step interval bounded by the po: 
the light and then doesn’t see it, or vice-versa for the ascending 


series, Where is the threshold in each series? Certainly not at the 
point where S still sees the stimulus, and just as certainly not at 
the point where he no longer sees it. For each series the best’ 
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estimate of the threshold is some value between the points “see” 
and “don’t see.” For example, on the first series it must be some- 
where between 10 and 11 and the best guess we can make of it 
would be halfway between—10.5. On the next series it would be 
9-5, and so forth. The mean of the individual thresholds would 
define our accepted absolute threshold value—that stimulus value 
which will elicit a response 50 per cent of the time. Note that 
once a change has been reported by S no further observations are 
made in that series, i.e., in the ascending series we never go beyond 
the first report of “see” (plus), and on the descending series never 
beyond the first report of “don’t see” (minus). 

As in the method of average error, the standard deviation is 
usually used as a measure of variable error. Do we have conditions 
which make for constant errors in the measurement of thresholds? 
There are such conditions, two of which will be considered here. 
These are, of course, in addition to the ever-present possibility of 
progressive changes in response brought on by fatigue and practice 


effects as previously discussed. 
One of the constant errors which enters into the method of 


limits is called the error of habituation. Let us suppose that in a 
descending series we have our light well above threshold and then 


gradually reduce the intensity. The error of habituation supposes 
that S$ will fall into a “habit” or “set” toward giving the response 
“see,” and thus continue reporting this past the point where the 
stimulus became invisible. The error of habituation would thus 
tend to make the descending series threshold lower than the 
ascending series threshold. 

The other error, the error of expectation, is an error which is 
thought to be introduced because S, expecting a change, will be 
suggestible enough so that he reports a change before one is 
actually apparent. Such an error would tend to make the ascend- 
ing thresholds lower and the descending thresholds higher. Upon 
reflection it will be noted that the influence of these two constant 
errors is directly opposed. If the influence of the two errors is 
the same—if the habituation tendency is about the same strength 
as the expectation tendency in a given S—no bias would actually 
be measured in the data since in combining the data a cancellation 
effect would prevail. If the effect of one is somewhat stronger than 
the other it should show up in the data. However, this effect 
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can be determined only by comparing ascending and descending 
series—not by analyzing a single trial or a group of ascending or 
descending trials. It is left as an exercise for the student to deter- 
mine how the influence of each of these errors could be measured 
from data such as shown in Table 4. Both errors can be minimized 
by careful instruction to S, and by varying the level at which each 
successive series is started. Thus, $ does not get “set” for any 
particular number of stimuli before a change, nor is he likely to 
become habituated to the sequences. It will be noted that in Table 
4 the starting point for each successive series varies. 

Difference thresholds. Let us consider next the application of 
the method of limits to the measurement of difference thresholds. 
We will continue with the visual problem, and add another light 
source to our apparatus. This new light source is used as a standard 
stimulus, the intensity of which will not vary. We set this standard 
at a known physical intensity value and then proceed to find out 
how much the variable stimulus must differ from the standard 
before S reports a just noticeable difference. Again we would use 
the alternate ascending and descending series. We start the variable 
light at an intensity value that is clearly brighter than the standard 
(descending), or at a point that is clearly less bright than the 
standard (ascending), and then gradually decrease (or increase) 
the intensity of it. As the intensity is gradually decreased, a point 
is reached at which S reports the two lights are of equal intensity. 
We may not stop at this point, but instead wecontinue decreas- 
ing the intensity of the variable until S reports that the variable 
is now perceptibly less intense than the standard. We have taken 
S through successive experiences of “prighter,” “equal,” on 
“less bright.” The procedure would then be repeated with the 
ascending series, with the variable light being set initially so that 
it is clearly less intense than the standard, and then gradually 
increasing its intensity. 


Data from such an experiment would appear as in Table 5; 


The standard stimulus was set at a value of 50. First we have an 
ascending series in which the variable is set lower than the standard 
and then its intensity gradually increased. S reports when the 
variable becomes equal to the standard in intensity and then 
reports further when the variable becomes brighter than the 
standard, In the descending series the procedure is reversed. 
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AN ILLUSTRATION OF THE MEASUREMENT OF DIFFERENCE THRESHOLDS BY 
THE Metuop or Limits 


Stimulus 
—Walue_| Asc. Des. Asc. Des. Asc. Des. A Z5 
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52.5 535 505 525 53.5 50.5 


48.5 475 495 485 475 485 


Mean Upper Threshold: 52,1 
Mean Lower Threshold: 48.1 


Upper difference Threshold: 52.1— 50= 2,1 
Lower difference Threshold; 50— 48.1=1.9 


For each series it will be evident that there are two transition 
points and that we may speak of thresholds of change. First, in 
the ascending series, there is a change from “less than ”to “equal.” 
This may be called the lower threshold of change. Secondly, there 
is a change from “equal to” to “greater than” the standard. We 
thus have two difference thresholds based on the two thresholds 
of change. In computing the actual values of these thresholds we 
take the difference between the standard stimulus value and the 
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stimulus value for the threshold of change. The threshold of 
change would be taken as that value which lies halfway between 
the two values marking the change. For example, in the first 
series the last minus is at 48 and the first equal judgment is at 49. 
Hence, the lower threshold of change is at 48.5. The last equal is at 
52 and the first plus is at 53, SO the upper threshold of change is 
52.5. Taking the difference between the standard stimulus and the 
upper threshold of change would give us the upper difference 
threshold or a just noticeable difference value. Taking the differ- 
ence between the standard stimulus and the lower threshold of 
change would give us a lower difference threshold. Thus we have 
for each series an upper difference threshold and a lower difference 
threshold. 

If there is a constant error involved in the determination of these 
difference thresholds, we would not be justified in using the 
physical value of 50 to determine the difference thresholds. By so 
doing we would get a considerable discrepancy between the size 
of the upper and lower difference thresholds. If the constant error 
is large, i.e., if the point of subjective equality differs significantly 
from 50 in the sample problem, we would use this point of sub- 
jective equality to determine the difference thresholds. The point 
of subjective equality may be determined by taking the mean of 
all equal judgments. For example, the best measure we have of 
the point of subjective equality for the first series is 50.5—midway 
in the band of equal judgments. For the second series it would be 
49.5, and so forth. The mean of these points would give us the 
best measure of the point of subjective equality, in this illustration 
being 50.1. If this point differs significantly from 50 we would not 
be justified in using 50 as the standard for determining difference 
thresholds. Suppose, for example, that the point of subjective 
equality was 52 instead of 50.1. If this were true and if we used 


50 as the value for determing both the upper and lower differ- 


ence thresholds, we would find that the lower difference threshold 
difference threshold. 


would be considerably smaller than the upper 
In calculating the difference thresholds, then, it is wise to deter- 
mine first the point of subjective equality, and if that value differs 
significantly from the standard physical stimulus value, the value 


of the point of subjective equality should be used for determining 


differnce thresholds. 
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Weber’s Law 


We have considered in some detail the mechanics and rationale 
for finding a difference threshold. It can be seen that our end 
product is the amount of change in the stimulus necessary for S 
to note the change 50 per cent of the time. Now, this is not a 
constant amount of change for different values of any one physical 
stimulus dimension. There is a fairly general principle which 
governs the relationship between the amount of standard stimula- 
tion and the amount of change from that standard necessary to 
bring about a just noticeable difference. This principle of stimulus- 
response relationships in its simple form is known as Weber’s Law. 
In the preceding problem on the difference thresholds, the data 
were set up so that the difference threshold below the standard 
would be slightly smaller than the difference threshold above 
the standard. If the measurements are precise such a slight differ- 
ence would be found. Now let us exaggerate the situation. Sup- 
pose we had a very weak standard stimulus—just slightly above 
the lower absolute threshold—and determined a difference thres- 
hold at this point. Then suppose we used a very strong standard 
stimulus on the same dimension and determined another differ- 
ence threshold. At these two extreme points will there be a 
difference in the amount of change in the physical stimulus 
necessary to produce a just noticeable difference? If you will 
check against your everyday observations you will answer in the 
affirmative, It is a commonplace observation that in turning on 
a 3-way lamp in which the successive intensities are 100, 200, and 
300 watts, the change in the brightness of the room appears to be 
much greater when changing from 100 to 200 watts than it does 
in changing from 200 to 300 watts. Pouring a pint of water into 
a pail which has only a small amount of water already in it will 
produce a very noticeable difference in the amount of water in 
the pail. Pouring a pint of water into your city’s storage basin 
will bring no perceptible change in the amount of total water. Add 
five students to a class of 1000 and compare that with the “felt” 
increment of adding five students to a class of ten. Clearly, these 
observations suggest that the amount of change in the physical 
stimulus necessary to produce a given amount of perceived change 
is some function of the amount or size of the standard stimulus. 
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Furthermore, these observations suggest that the stronger or larger 
the standard stimulus the greater the increment necessary to pro- 
duce a perceived change. This relationship holds in general 
throughout the wide range of stimuli to which the organism is 
sensitive. 

For quantification of the general principle we need to know 
the consistent or systematic relation between the value of the 
standard and the amount of change in that standard necessary to 
produce a just noticeable difference. Weber’s law is one state- 
ment of this mathematical relationship. The law states that the 
just noticeable increment to any stimulus bears a constant ratio to that 
stimulus. The just noticeable increment would be a difference 
threshold. The ratio, of course, varies with different observers and 
different sense modalities, and with different dimensions along 
which a stimulus may be varied within a modality. Suppose we 
had 100 candles burning in an otherwise darkened room, and that 
the addition of one candle would produce a just noticeable incre- 
ment in brightness. If we had 1000 candles burining we would 
have to add 10 candles to produce a perceived difference and 
with 10,000 candles an addition of 100 would be necessary. If we 
put Weber’s law into a verbal equation we would have: 


Difference Threshold 
Standard Stimulus 


If we vary the amount of the standard stimulus along a given 
dimension and measure the difference threshold at each point of 
change, the ratio of the size of the standard and the size of the 
difference threshold should remain about constant. In a wide 
variety of tests it has been shown that the equation holds roughly. 
The precision is best in the middle range of stimulus magnitudes, 
the ratio appearing not to hold if the stimulus is very weak or 
very strong. Some of the various ratios which have been worked 
out over the middle range of stimulus values are (125): lifted 
weights, 1/99 to 1/3993 brightness of lights, 4/g9 to */g993 intensity 
of tones, 1/, to 1/,; pressures on the skin, 4/19 to Vas For any 
given S the ratio may remain fairly constant while the inter-S 
variability may be great. ‘ 

Weber’s law as such allows one to make no assumptions con- 
cerning the increased variability of response as the magnitude of 


= Constant 
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the standard stimulus goes from low to high. However, if we 
find that the variable error increases as the size of a standard 
increases along a given dimension, we can deduce Weber’s law 
from this fact. Increased variability means less precision of re- 
sponse, suggesting that a greater change would be necessary to 
bring about a clear-cut discriminable difference. A confirmation 
of this relationship is shown in the data on line drawing in Table 
2 and Fig. 9. ; 

Since Weber’s law has been shown to be inaccurate in some 
instances, there have been several substitute laws attempting to 
state the relationship more precisely. We shall not consider them 
here. The general principle of the law is nearly universally true; 
the: precise mathematical relationships may vary with different’ 
stimulus dimensions. Most of the recent work in sensory dis- 
crimination has not been concerned with whether or not Weber’s 
or any other law holds. Data are usually plotted, however, so 
that a visual test of Weber’s law can be made. Thus, the increase 
in the stimulus necessary to produce a difference threshold over 
the standard is plotted along the ordinate with the standard 
stimulus values along the abscissa. If Weber’s law holds, the 
resulting graph should be a straight horizontal line. 


Illustrative Studies Using the Method of Limits 


A study of cutaneous sensitivity. Weitz (402) has used the 
method of limits to study the relationship between skin tempera- 
ture and cutaneous (skin) sensitivity. In this problem E was test- 
ing a theory that sensitivity to pain is a function of a chemical 
reaction which is set off when a stimulus impinges on the re- 
ceptor. Since chemical changes may be heightened by increased 
temperature, a deduction from the theory would state that raising 
skin temperature would increase the sensitivity to pain (lower the 


pain threshold) Pain was administered by electric shock from an 
inductorium. 


The procedure consisted of Placing the subject’s arm in an arm rest, 
which had above it, tunnel-fashion, two metal shields with a space between. 
The shields were used in order to delimit the heated area. When the subject 
obtained a comfortable position the neutral électrode was placed in the 
subject’s hand and taped there. However, in several trials the subject 
merely held this electrode and it should be mentioned that as far as the 
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results of this work are concerned there was no differential effect when 
the electrode was held or taped to the hand. The stimulating electrode 
was mounted in a wooden rod 3/, inch in diam. and 6 inches in length 
and was held by the experimenter on the dorsal surface of the forearm. 
When a “spot” was obtained which gave a clear “pain” or “pricking” 
sensation to electrical stimulation without any pressure or kinesthetic tug 
component, the electrode was kept on the “spot” and a normal intensity 
threshold was taken by the method of minimal change. As soon as this 
determination had been made the temperature of the skin, adjacent to the 
electrode, was taken. The electrode was never removed from the “spot” 
for the duration of the experimental session on that “‘spot.”” The radiant 
heater was then turned on and successive threshold measurements were 
taken using only ascending series. After each threshold determination, 
skin temperature was measured as before. This procedure was continued 
until the subject reported that the heat was uncomfortable or fatigue had 
set in due to holding a relatively fixed position. (402, p. 427) 


Note that E actually used a modified method of limits for this 
procedure in that only ascending series of stimulations were used 
to determine the thresholds. This method is almost mandatory in 
this particular problem, since a'descending series would mean that 
the shock was initially quite strong and was then gradually reduced 
in intensity. 

Weitz used 6 Ss in this experiment. It has been customary in 
experimenting on the sensory processes to use a few Ss and take 
a great many rather precise observations on each rather than use 
many Ss with a few observations on each. It is not unusual to 
report relationships derived from a single S. The results for one $ 
in Weitz’s experiment are shown in Fig. 11. The minimum strength 
of shock required to elicit pain response under normal temperature 
conditions is taken as 100 per cent. Deviations below 100 per cent 
indicate a lowering of the threshold (greater sensitivity) and 
deviations above would indicate decreased sensitivity. The skin 
temperature (base line) is indicated in terms of centrigrade degrees 
above normal, with zero degrees centigrade as the normal reference 
point. It is to be observed that the theory, i.e., that as skin tem- 
perature increases sensitivity to pain likewise increases, is confirmed 
up to a certain point, but beyond that point just the opposite 
relationship obtains. Weitz’s theory will have to be revisedto 
account sor this finding. 
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We are able to appraise many of the environmental changes 
through our cutaneous sensibilities. Such sensations as heat, 
warmth, cold, surface pain, and light pressure (touch) are all 
mediated through organs lying near the surface of the body. There 
are wide differences in the sensitivity of the skin on various por- 
tions of the body. An experiment using the method of limits to 
demonstrate this point is easily performed in the laboratory. The 
problem is one of determining the two-point threshold of touch 
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Fic. 11. The relationship between the changes in skin temperature and thres- 
hold for pain. The threshold for pain is taken as 100 per cent at normal tempera- 
ture which is indicated on the abscissa as zero degrees centigrade. The data were 
obtained on one S. Adapted from Weitz (402). 


on various body surfaces. In determining the two-point threshold 
E stimulates two points of the skin simultaneously and, by increas- 
ing and decreasing the distance between the points, determines 
what minimal distance must separate two points to give an im- 
Pression of two stimuli. The device commonly used to stimulate 
the skin for determining two-point thresholds is called an aesthesi- 
ometer. The device may take many forms. A micrometer may be 
used; a compass can be fitted with two blunt ends to serve satis- 
factorily ; even points of cardboard have been used. The main 
idea is to stimulate lightly and simultaneously two points on the 
skin for a short period of time, wish some means of measuring the 
distance between the two points stimulated. From a standard 
aesthesiometer this can be read directly from the scale, In deter- 
mining the threshold for any one area of the body a straight- 
forward method of limits may be used. E will start first with the 
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two points close enough together so that S reports only one point. 
The distance is gradually increased until S reports two points. 
In the descending series the points will be separated far enough so 
that $ will easily discriminate two points and the distance will be 
gradually reduced. The raw data sheets look very much like the 
one shown in Table 4. The differences in the two-point threshold 
for different parts of the body are startling. The lips are extremely 
sensitive as are the finger tips, whereas the surface of the back 
yields a very large threshold value. 

A threshold of form perception. One of the most fundamental 
discriminal processes is that of form perception. We distinguish 
roundness, squareness, triangularity, jaggedness, and an almost 
infinite number of variations around those modal descriptive 
terms. What sort of stimuli does it take to evoke these various 
interpretations? Does the response dimension always correspond to 
the physical dimension? What sort of errors are we likely to make 
in form perception? These are some of the questions which have 
been asked concerning the way in which we interpret the form 
or shape of things we “sense” in the environment. Many concepts 
have evolved to account for the observed facts. One of these con- 
cepts is closure. In a general sense this term indicates an observed 
tendency to perceive forms as being complete which are actually 
incomplete physically. If the outline of a circle is made up of 
discrete dots lying fairly close together we do not see a myriad 
of discrete dots. We would report first that we see a circle and if 
questioned further we would probably report that the circle is 
made up of a series of dots. We tend to fill in between the dots— 
we tend to close the unfilled gaps. 

Bobbitt (30) has demonstrated experimentally that there is a 
definite threshold at which closure takes place in the perception 
of triangularity. To determine the threshold of closure for tri- 
angles, incomplete triangles were presented, as illustrated in Fig. 12. 
Figure 12a would probably not be seen as a triangle but rather 
as two discrete angles. Figure 12b, on the other hand, would 
probably be seen as a triangle—closure would take place. These 

_ two figures represent the extremes of the steps along the dimen- 
sion defined in terms of the amount of the perimeter of the tri- 
angle present. A series of these finely graded forms was presented 
in ascending and descending order, each figure being exposed 1/39 
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second. This short exposure period is accomplished by a device 
called a tachistoscope. Ss were fully informed as to the nature of 
the experiment. In responding to the figures S was to report 
whether he saw “‘twoness” (two angles) or “oneness” (triangle). 
From this procedure, thresholds of closure of considerable stability 
were derived. Depending on the size and shape of the “triangle,” 
approximately 68 to 72 per cent of the perimeter had to be present 
before the figure was seen as a triangle. There were no systematic 
changes in the threshold throughout the experiment, i.e, practice 
did not seem to influence the threshold and fatigue was minimized 


by adequate rest. 
a ve D 
a b 


Fic. 12. Illustration of two extreme figures used by Bobbitt (30) in determining 
the closure threshold for triangularity. Figure b is likely to be seen as a triangle, 
whereas this is not usually true of Fig. a. 


Auditory thresholds: Are two ears better than one? As we 
have said, the method of limits is used primarily to determine 
sensory thresholds. This experiment will consider some of the 
problems involved in determining auditory thresholds. For any 
given frequency of the sound wave the lower absolute threshold of 
intensity may be plotted. The physical intensity of a tone is measured 
by a scale, the units of which are called decibels. 

Monaural intensity thresholds may be determined by feeding the 
sound into one ear and by the use of heavily cushioned earphones 
which prevent bone conduction of the sound wave to the other 
ear. An experiment by Shaw, Newman, and Hirsh (350) was 
designed to determine whether or not a binaural threshold was 
lower than the monaural threshold. The experiment demonstrates 
the method of limits in considerably modified form, the modifica- 
tion being necessary for this particular problem. 

The tones used in this experiment were produced in pure form 
by commercially built oscillators, Es presented the tones in “‘beep- 
beep-beep” fashion rather than continuously. It is necessary, in 
designing the experiment, to control for slight differences in the 
sensitivity of the earphones. Shaw, Newman, and Hirsh indicate 
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that to get the best estimate of the thresholds for binaural and 
monaural presentation the following six conditions are necessary: 


Right ear alone: Earphone A 

Right ear alone: Earphone B 

Left ear alone: Earphone A 

Left ear alone: Earphone B 

Both ears:. Earphone A on left, B on right 
Both ears: Earphone A on right, B on left 


For each of these six conditions a threshold would be determined. 
The mean of the first two conditions gives the best estimate of the 
threshold for the right ear, whereas the mean of the third and 
fourth conditions yields the estimate for the left ear. The mean 
of all the first four conditions gives the best estimate of monaural 
thresholds. The mean of the last two conditions provides the 
estimate of the threshold for binaural hearing. If there are differ- 
ences in the sensitivity of the earphones, the series of conditions 
spreads the influence of these differences equally over the binaural 
and monaural measurements. Furthermore, since there may be 
practice effects, all Ss should not take the conditions in the order 
listed. In this particular experiment a random order of the six 
conditions was determined for each $ by drawing numbers from 
a box. All Ss went through all six conditions but in different order. 

For careful determination of thresholds, well-practiced Ss are 
desirable. S usually works in a sound-proof room. When the tone 
coming through the earphones is of very low intensity, noises 
emanating from the body and the head of $ appear to assume 
considerable magnitude so that $ must be skilled in distinguishing 
these noises from the tone in the earphone. The modified method 
of limits used in this present experiment required S to determine 
his own threshold. The tone was initially set considerably above 
threshold. S then manipulated a dial thereby reducing the tone to 
near threshold level. At this point S would “play around,” first 
increasing and then decreasing slightly the intensity of the tone 
until he believed that he had the best estimate of his threshold. 
One of the characteristics of the tone at the threshold is that 
it disappears and reappears even without changes in the physically 
measured intensity being present. This again emphasizes the non- 
static character of thresholds. Results from this experiment for 
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14 different frequencies show that the binaural threshold is one 
to two decibels lower than the monaural threshold. This differ- 
ence seemed to be independent of frequency and was also found 
when speech sounds were used instead of pure tones. 

Measuring animal thresholds. The illustrative experiment we 
will consider here concerns the measurement of differential thresh- 
olds in the cat. Such a study poses some interesting methodo- 
logical problems. How is the cat going to tell E when it notices 
a difference in the intensity of a tone? Verbal communication 
being out of the question, some other method must be devised. 
Basically the method consists in first training the animal to make a 
response to a change in stimulation. To do this, the conditioning 
technique, to be discussed fully in a later chapter, is used. In this 
particular experiment by Rosenzweig (322), the cat was placed 
in a rotary cage the floor bars of which were wired so that the 
cat could be given an electric shock. In setting up the conditioned 
response a tone of a particular frequency was sounded and the 
intensity of that tone increased noticeably (to the human ear) 
by a series of steps. After some change in intensity had taken place 
the cat was shocked. The cat soon learns that a ‘“‘change in intensity 
means that I am going to get shocked.” After several trials, then, 
the cat starts to run whenever a change in intensity is noted. If 
the cat started to run soon enough no shock was given. An essential 
control to this procedure is that the sound be kept on at all times 
so that the cat does not learn to respond to the onset of a tone 
rather than to changes in its intensity. 

Once the animal has been trained to respond to a change in 
intensity, the measurement of the threshold can proceed. The 
learning has established a communication system between the cat 
and E. E can gradually increase (or decrease) the intensity until 
the cat responds by running. When the cat responds in this fashion 
it is assumed that the animal has discriminated a difference in 
intensity. E has thus measured the stimulus change necessary to 
produce a just noticeable difference in the animal. In this experi- 
ment it was. found that the difference threshold in the cat was 
slightly larger than difference thresholds in humans at corresponding 
frequencies. 

The above are enough samples of the uses to which the method 
of limits can be put. We cannot compile the mass of facts for all 
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the various stimulus dimensions of the various sense modalities, but 
we should understand the variety of threshold measurements for 
which the method is adaptable. We have not considered much in 
the way of theory which prompts most investigations. To a large 
extent the theories relate to physiological structure of the sense 
organs and the relationship of these to the central nervous system. 
In order to present the theories in any meaningful fashion we 
would have to expand the physiological discussion far beyond the 
scope of this book. 

The method of limits is by no means restricted to the study of 
laboratory problems on “pure” sensation. The method may, if 
one desires, be applied to a problem which has immediate practical 
importance. For example, one investigator (16, 17) has recently 
published a series of experiments in which he has determined the 
optimum form, size, and light-dark color combination of numbers 
for automobile license plates. His determinations were made 
entirely by the method of limits under conditions of both day and 
night driving. As a consequence of the work, he has been able to 
patent the system of license plates which gives optimal recog- 
nition thresholds. The practical implications are obvious; the 
policeman can see license plates at a greater distance than hereto- 
fore even though the plates themselves are no larger. 


Summary of Section on Method of Limits 

1. The method of limits has been used largely to determine 
lower absolute thresholds and difference thresholds. Essentially 
the method consists in varying a stimulus along a given dimension 
and finding the point at which it no longer evokes a response 
(absolute threshold) or at which point it is just discriminably 
different from a standard stimulus (difference threshold). 

2. Constant errors of habituation and expectation were dis- 
cussed. The inevitable variable error is present as in most 
psychological measurements. The variability of the threshold 
measurements emphasizes the non-static character of the threshold. 

3. Relationships between the size of the difference threshold 
and the standard stimulus were discussed. The simplest statement 
of the relationship is known as Weber’s law, which states that the 
ratio between a standard stimulus and a difference threshold for 
a given stimulus dimension is a constant fraction of the standard 

( 
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stimulus. The law holds roughly over a wide range of magnitudes. 

4. Samples of experimental procedures and results have been 
presented as typical of the problems to which the method of limits 
is applicable. 


CHAPTER III 


Discriminal Processes: Methods of Study II 


We shall continue the discussion and illustration of the methods 
which have been used to study the discriminal processes. In this 
chapter we shall consider two methods: (1) the method of con- 
stant stimuli; and (2) the method of equal appearing intervals. 


THE METHOD OF CONSTANT STIMULI 


The Method 


This method is one of the oldest psychophysical methods. Tradi- 
tionally, it has been used for much the same purpose as the method 
of limits—to measure thresholds. One variation of the method has 
been used to measure absolute thresholds, another to measure 
difference thresholds. As we have done with the other methods, 
we shall present first an hypothetical pure case of procedure and 
results. 

The method applied to absolute thresholds. In the method 
of limits, S is presented a stimulus of gradually changing magnitude 
and is asked to report when the experience ceases (descending 
series) or when the experience starts (ascending series). Jn the 
method of constant stimuli each trial consists of the presentation of an 
invariable stimulus with S asked to report its presence or absence. On 
successive trials, stimuli of different magnitudes are presented, 
some of them being sufficiently ‘great to be above threshold, hence, 
experienced, and some weak enough to be below the threshold so 
they are seldom experienced. ‘These stimuli are not presented in an 
ascending or descending orderof magnitude but rather in a random 
order. Let us illustrate the method'by working with a lower absolute 
visual threshold. — att 3 ‘ : 

E, by preliminary) work; idetermines the’approximate value of 
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S’s absolute threshold. Then a series of stimuli is chosen extending 
from well below to well above this threshold. Æ will choose 4 to 
10 stimuli to make up the series. The weakest stimulus will be weak 
enough so that rarely will S report its presence; the strongest 
stimulus will be strong enough so that S will almost always report 
its presence. The other stimuli form equal steps on a physical scale 
between these two extremes. E determines a random order for 
presenting these stimuli. Consequently, one of weak magnitude 
may be presented first; a strong one next, and so on. Each stimulus 
is presented an equal number of times, perhaps a hundred times 
or more. 

Let us say we have chosen six light intensities with one unit of 
a physical scale separating each successive magnitude. The lowest 
stimulus magnitude has a value of 7, the highest a value of 12. 
These are presented to S in random order 100 times each, with 
instructions to report at each trial if a stimulus is “present” or “not 
present.” As in the method of limits, the experiment would be 
carried out in a dark room, with S well habituated to the situation 
and watching a fixation point so that he knows where to expect 
the stimulus. After the presentation of each stimulus Æ records 
whether S responded positively or negatively. For each stimulus 
value E would obtain a percentage or proportion, indicating the 
relative frequency with which S reported the stimulus present. 
In this hypothetical experiment the following data were obtained: 


$ Stimulus Value: 7 8 9 10 rr 12 
Percentage of times reported present: 3 11 35 68 87 99 


The absolute threshold is that lowest stimulus value .which is 
noticeable 50 per cent of the time. In the data above we note that 
a stimulus value of g was perceived 35 per cent of the time; a 
stimulus value of 10, 68 per cent of the time. The threshold must 
lie somewhere between these two values since, presumably, some 
value between g and 10 would, if actually presented a number of 
times, be judged present half the time and absent half the time. 

From the above data there are’ two relatively simple ways in 
which a close approximation. of; the threshold can be obtained. 
One, a graphical method, consists in plotting the data with the 
stimulus values along the abscissa and the percentage values along 
the ordinate. Drawing..a smooth curve through, or as near as 
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possible to the empirical points, will allow us to discover where 
the curve passes through the 50 per cent point. Such a curve is 
shown in Fig. 13. Dropping 4 vertical to the abscissa from the 50 
per cent point we find the stimulus value is about 9.4. This value 
will vary slightly, of course, depending on the precision with which 
the curve is drawn, but it represents a fair approximation of the 


absolute threshold. 


100 


a 


Per cent of Times Reported Present 
Ea e 


3 10 11 12 
Stimulus Value 
Fic. 13. Graphical determination of the absolute threshold. The threshold value 


is approximately 9.4- 


ate method, uses the same technique 


A second, and more accur 
as employed in finding the median of a distribution of scores. The 


total “percentage distance” between the stimulus value g and the 
stimulus value 10 is 33—obtained by subtracting 35 from 68. We 
know that the 50 per cent point (defining the threshold) is 15 
percentage points above 35 per cent, or I 5/33 of the stimulus 
difference between 9 and 10. The step interval being 1, the “dis- 
tance” we have to go into this interval is 15/33 by 15 which is .46. 
Therefore, the stimulus value which should be judged present 
of the time would be g plus .46, or 9-46, a slightly 
larger figure than obtained by the graphical method. This method 
of finding the threshold is sometimes called linear interpolation. 
Determination of thresholds by the method of constant stimuli has 
threshold determination by the method 


one distinct advantage over rmin r 
of limits. In the method of constant stimuli the randomization 


50 per cent 


68 EXPERIMENTAL PSYCHOLOGY 


of the stimuli probably eliminates the errors of expectation and 
habituation which may mar the threshold measurements by the 
method of limits. In fact, all things considered, there is reason 
to believe that the method of constant stimuli yields a somewhat 
more precise threshold than does the method of limits (125). 
Examination of current psychological literature, however, shows 
that the method of limits is being used much more widely for this 
purpose. 

The method applied to difference thresholds. The determi- 
nation of difference thresholds by the method of constant stimuli 
requires a standard stimulus against which other stimuli of varying 
magnitude are judged. Let us take for our illustration of the mechanics 
of the procedure a discriminal process which is a classic laboratory 
exercise; namely, judging weight differences. 

For this illustration the standard weight against which all other 
weights will be judged is 100 grams. We construct a series of 
comparison weights which varies from the standard only in weight 
and not in any other characteristic, i.e., we make these weights 
the same size, same texture, and so forth. Small aluminum cans of 
identical size have often been used with lead shot determining 
the weight. The shot, regardless of the amount in the can, is held 
in fixed position by the addition of cotton. S, blindfolded while 
making the judgments, can get no cues for judging differences 
other than those supplied by the independent variable—the weight. 
In choosing the comparison weights it will be necessary to make 
the extremes of the series clearly different from the standard, i.e., 
the lightest in the series should be judged lighter than the standard 
nearly 100 per cent of the time, and the heaviest, judged heavier 
than the standard almost roo per cent of the time. In our series 
the lightest weight is go grams and the heaviest, 110, with step 
intervals of two grams so that the comparison series is as follows: 
90, 92, 94, 96, 98, 102, 104, 106, 108, 110. Each variable is com- 
pared with the standard many times. As in the determination of 
the absolute threshold, comparison weights will be presented in 
random order. 

The two stimuli (standard and variable) are presented to S in 
succession, S “hefting” them one at a time with one hand—he does 
not hold them simultaneously, one in each hand. If the standard 
were always lifted first and the comparison weight second, a 
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constant error might be introduced from the order of presentation 
as a result of the time interval between stimuli. Consequently, in 
half the cases the standard is lifted first and the variable second; 
in the other half the reverse order holds. S must judge whether 
the second weight lifted is “heavier” or “lighter” than the first. 
E determines the percentage of times each comparison weight is 
judged heavier than the standard. 


= 
8 


n 
a 


Per cent of Times Variable Judged Heavier 
& 3 


94 98 St. 102 106 


110 
Size of Comparison Weight (Grams) 


Fic. 14.. Representation of the results of the weight-lifti i i 
the method of constant stimuli, A standard weight of oem Teren Sad ‘ome 
pared with each variable weight. The points for the curve are determined by the 
percentage of times each weight was judged “heavier than” the stan . As 
depicted here, the point of subjective equality is 100 gm., the lower difference 


ps a slightly over 3 gm., and the upper difference threshold slightly less than 


Figure 14 is a graphical representation of the results obtained in 
this hypothetical experiment on a single S. Since we have counter- 
balanced the order of presentation of the standard and variable 
weights, no constant errors due to procedure should be present. 
Hence, the point at which our curve crosses the 50 per cent line 
should be directly above the standard weight of 100 grams as 
indicated on the abscissa. The value will probably vary slightly 
from the value of the standard due to variable error. The value 
can be determined also by finding the median value between the 
Proportion for the weights immediately below .50 and that te 
mediately above. This we have done in the previous illustration © 
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the absolute threshold. This value, it will be realized, is the point 
of subjective equality—the weight which is apparently equal to 
the standard weight. 

The procedure for finding the difference threshold from data 
obtained by methods similar to the present is a point on which 
there has been disagreement (125, 422). For our purposes a simple, 
but slightly rough way may be used. This method meets all the 
requirements of the statistical difinition of a difference threshold 
and becomes very similar to the method employed in the method 
of limits. Here, as in the data obtained by the method of limits, 
we have two difference thresholds, one above the point of sub- 
jective equality and one below the point of subjective equality. 
The upper difference threshold would be that stimulus range from 
the point of subjective equality to the upper point at which the 
judgments are correct 50 per cent above chance. In terms of the 
graph this would actually be at the 75 per cent level. The lower 
difference threshold would be the stimulus range between the 
point of subjective equality and the lower stimulus value which is 
correct 50 per cent oftener than chance. This is the 25 per cent 
point on the graph. 

This determination of difference thresholds may seem a little 
confusing at first, but if you will re-check on the definition of a 
difference threshold and study the graph, it should become clear. 
Note, for example, how the curve would look if we assumed a 
very small difference threshold—much smaller than shown on the 
graph. In such a case S might get all or nearly all correct re- 
sponses when comparing the 96-gram weight with the 100-gram 
standard and the 104-gram weight with the standard. This would 
mean that the new curve would rise at a much sharper angle. Then 
if verticals were dropped from the point of subjective equality and 
the 25 per cent and 75 per cent points on this hypothetical curve, 
the stimulus ranges defining difference thresholds would be smaller 
than those shown in Fig. 14. On the other hand, if the curve is 
flattened a great deal and a greater range of comparison stimuli 
used, it can be seen that the stimulus difference which is noticeable 
50 per cent of the time would be greatly increased. 

The graphical determination of the 50 per cent point above 
chance is probably as accurate as when the median formula is used, 
since the curve is less linear at these points (25 per cent and 75 


DISCRIMINAL PROCESSES: II 71 


per cent) than in the middle range. Hence, some error is involved 
in assuming linear interpolation. If the curve drawn does not 
deviate widely from any of the empirical points, and if the em- 
pirical points are based on many judgments, the graphical de- 
termination of the difference threshold as suggested here is accurate 
enough for elementary laboratory work; hence, other methods ‘will 
not be duscussed. 

Supposing S lifts two weights and can distinguish no differ- 
ence? In the procedure we have been discussing, S could respond 
“heavier than” or “lighter than,” even when he could 
ence between the weights. Some Es have allowed 
response although there is apparently not a 
422). Furthermore, it has been shown 
(42) that even when S adamantly asserted that he could not 
distinguish a difference in two weights his forced choices were 
better than chance, i.e., his decision as to which was heavier con- 
curred with the physical measurements more often than chance 
would allow. S believed he made sheer guesses and yet these 


guesses were more often correct than incorrect. 
ds thus far discussed, there are deviations 


As in all the metho 
from the modal procedure which defines the present method. One 
of the variations on the method of coustant stimuli has been called 
the method of single stimuli. In this method S does not have a 
standard for comparative purposes put instead makes an absolute 
ked to judge which of two weights 


judgment. Rather than being aske 
is heavier, he is asked to make a judgment as to the actual weight 
of the stimulus. It is presumed that a subjective scale or sub- 


jective standard of some sort is built up and this subjective stand- 
ard becomes the comparison weight. The weight guesser at the 
county fair uses such a method. He probably has a series of sub- 


jective standards built up through experience so that each new 
contributor is judged relative to one of these standards. The 
standard by which the new individual is judged is determined by 
an estimate of the height, the bone structure, Thei width,” solid- 
ness, and so forth, of this individual. If the guesser's standards are 
fairly well fixed he can allow himself a few pounds margin of error 
and do rather well. 


We are going to consi 
fully in the next chapter 


only with 
perceive no differ 
S to give an “equal” 
great deal gained by it (125; 


od of single stimuli more 


der the meth 
since most of the current work with 
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this method concerns stimuli which are not described by physical 
dimensions. 


Illustrative Experiments Using the Method of Constant 
Stimuli 

One of the most widespread uses of the method of constant 
stimuli has been in investigating a constant error called the time 
error. Because a considerable amount of work is being done cur- 
rently on this phenomenon, we shall consider several experiments 
specifically designed to study it. These reports, as we shall see, 
provide a good working illustration of the relationship between 
experimentation and theory in a restricted area of behavior. 

The time error. When judgments are made concerning the 
relative amount of a given characteristic of two objects, and when 
these objects are presented successively, there is the possibility 
that processes going on during the time interval between the two 
observations may influence the judgment. Thus, if S lifts two 100 
gram weights in succession, it is possible that the “‘lifts,”’ separated 
in time, may affect his observations. Obviously, if this time inter- 
val does influence the judgments in a systematic fashion we have 
evidence for a constant error, the time error. In the weight-lifting 
experiment such processes usually produce a constant error in the 
direction of judging the second weight heaviér than the first, even 
though objectively they are the same in weight. To determine if, 
and in what direction the error is operating, Æ subtracts the 
standard stimulus value from the stimulus value defining the point 
of subjective equality. In the weight-lifting experiments we usually 
have a negative time error; the second of two equal weights is judged 
heavier than the first. If the second of two equal stimulus magnitudes 
is judged less than the first, we would have a positive time error. 

In a well-controlled weight-lifting experiment rather elaborate 
rotary trays have been devised to present the stimuli to S. The 
weight to be lifted is presented directly under the hand of the 
blindfolded $ so that all he has to do is pick it up for a second or 
two, get an “impression” of its weight, and then replace it. Æ 
immediately presents the second stimulus (by rotating the tray) 
so that it too is lifted merely by lowering the hand and grasping 
the container. After the second weight is lifted and S responds by 
indicating that the second weight is either heavier or lighter than 
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the first, E moves the tray on to another stimulus, and so on. Even 
with relatively short intervals between “lifts” of the two weights, 
perhaps 2 or 3 seconds, a negative time error may be operating so 
that the second will be judged heavier than the first more often 
than expected by chance. Of course, the over-all influence of the 
time error will be cancelled if the variable weight is different from 
the standard, and if these weights are presented in a series of 
judgments so that half the time the standard appears first and 
half the time the variable appears first. The data would then be 
fractionated to determine the extent of the time error. 

If the time error itself is being studied, the counterbalancing 
procedure is not used. Rather the standard is always presented 
first with the variable stimuli second. Then, if we plot the curve 
relating the percentage judged greater to the magnitude of the 
variable stimuli (as in Fig. 14), the point of subjective equality 
may be used as a means of determining the extent and direction of 
the time error. If the point of subjective equality is a value greater 
than the standard, the time error is positive; if the point is less than 
the standard, the time error is negative. 

Illustration of the time error. As suggested by the name of 
the time error, the length of the time interval between the two 
stimuli is an important variable in determining the extent of the 
error. The relationship is exemplified in a study by Postman (297). 


The standard stimulus was a 1000 cycle tone, always set at an 
above the threshold. Comparison tones 


varying in intensity both above and below the standard were used. 
The standard was always presented first, the variable second. The 
effect of four different time intervals between the standard and 
comparison tones was determined, the four intervals being 1, 2, 
4, and 6 seconds. Four Ss took part in the experiment and, as 
shown in Fig. 15, the time error becomes greater and greater as 
the interval between the standard and comparison tones increases. 
At first the error is slightly positive but becomes negative and 
increasingly so as the interval becomes longer. AE E 
Time error theory. In order to understand the implications of 
some recent experiments, We must have a general comprehension 
of the nature of the theories which have heen formulated to ac- 
count for the time error, specifically, the negative error, since such 
an error is usually found. Most prominent in terms of the number 


intensity of 75 decibels 
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of adherents and the number of publications built around it is 
the trace theory. In general terms the trace theory postulates that 
the first of the two impressions fades or weakens between its 
presentation and the presentation of the second stimulus. If this is 
true, the second stimulus would be judged greater than the first 
because it is compared with a faded impression of the first. Thus, 
if the two stimuli were objectively equal, the second would be 


ze of Time Error in Decibels 


Si 
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Time (sec,) Between Presentation of Standard 
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Fic. 15. The time error as a function of the length of the interval between the 
standard and the variable. The standard and comparison tones were 1000 cycles. 
The standard was set at 75 decibels intensity and the comparison tones varied 
above and below that level. A positive time error indicates that the point of 
subjective equality was greater than the standard; a negative error indicates the 
point of subjective equality was less than the standard. Data from Postman (297). 


judged heavier than the first and give a negative time error. For 
our purposes we need not—as indeed we cannot—specify the exact 
nature of the trace of the stimulus other than its basic characteristic 
of fading with the passage of time. 

Recent studies have shown that in some instances where negative 
time errors have been found, a slight change of conditions may 
produce a positive or zero time error. These findings must neces- 
sarily have a bearing on the theory suggested to account for the 
errors. We shall consider some of these studies and their implications 
for the theory. 

Factors producing positive and negative time errors. An 
experiment by Marchetti (245) was concerned with the judgment 
of visual extent. Instructions to the Ss were as follows: 
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You will be shown a black line on a white cardboard. After a brief 
interval another line will be shown to you. You are asked to judge the 
length of the second line in terms of the length of the first, i.e., whether 
the second is equal to, or shorter or longer than the first. Make your judgment 
as soon as you can after you see the second line (245, P- 258)- 

In all presentations the standard line was shown before the variable 
line. It will be noted that Marchetti allowed “equal” judgments. 
To determine the point of subjective equality from such data the 
median of a distribution of equal judgments is employed. E used 
several different line lengths and several different intervals between 
the presentation of the standard and the comparison line, but in 
most cases there was a clear-cut indication of a positive time error; 
that is, the point or length of subjective equality was greater 
than the standard length. Under certain conditions, however, a 
negative time error was produced. If the two lines to be compared 
were of equal length but with one drawn on a smaller card than 
the other, the one on the smaller card appeared longer. Hence, 
nd of the two stimuli on the smaller card produced 
In addition to the length of line as such it 
r factors in the situation entered into the 
length of the line to the card on which 
a certain extent, the impression S 
f the second stimulus. This is an 


placing the seco 
a negative time error. 
became evident that othe 
judgments. The relative 
it was drawn determined, to 
carried over to the judgment 0 
illustration of a process called assi 

Marchetti used tachistoscopic 
experiments. McClelland (226), 


experiments designed to study the time 
visual extents, used screen exposures in which the end of the brief 


exposure period was brought about merely by turning off the 
projector lamp. Under such conditions McClelland found a nega- 
tive time error—in direct contradiction, it appeared, to Marchetti’s 


results. McClelland observed, however, that in turning off the 
projector lamp at the end of the exposure period the stimulus on 
the screen did not cut off abruptly but gradually faded as the 
filament in the lamp cooled. This suggested to him that the 
negative time error which he had found might be due, not to a 
faded trace of the first impression, but to a fading in the stimulus 

of the first stimulus would be 


itself so that the final impression of ould 
one of “lessness” when compared with the second of objectively 


‘milation. 
exposure of the stimuli in his 


in a series of closely coérdinated 
error in the judgment of 
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equal length. To test this hypothesis he changed the procedure 
to make it comparable to Marchetti’s: namely, so that (as with a 
tachistoscope) the beam of light from the projector would be cut 
off quickly; hence the line on the screen would not fade. Under 
such conditions the time error appeared as positive instead of 
negative and thus confirmed Marchetti’s findings. 

McClelland’s results led him to survey the conditions under 
which the time error had been found in other sensory modalities, 
and his conclusion is that in many cases the time error may be due 
to a “fading in the sensation itself, caused either by a fading 
stimulus source or by receptor-adjustments following stimulation” 
(226, p. 94). Applying this hypothesis to lifted-weights data, for 
example, McClelland points out that the last impression obtained 
from the first of the two weights lifted comes when the weight is 
put down, when the mascles are no longer holding the full weight. 
The final impression of the first weight might be somewha 
than it was when lifted and held. To test this possibility a weight 
lifting experiment was performed in which the first weight was 
dropped instead of being set back down. Preliminary results from 
this experiment confirm the prediction that under such conditions 
the negative time error should disappear. McClelland’s b 
clusion is that some instances of negative time error 
explained on the basis of artifacts in the experimental s 
and that a trace theory need not be used. 

But what about the positive time errors in the judgment of visual 
extents? Both Marchetti’s and McClelland’s work suggest that the 
concept of assimilation is adequate to account for positive time 
errors. In one of McClelland’s experiments Ss made judgments of 


visual extents in a room which was completely darkened so that 


no contours of the screen or room were seen. Under such condi- 
tions the positive time error 


almost disappeared. It is presumed 
that the removal of the room contours by imposing darkness left 
nothing with which the stimulus could assimilate. What does 
appear obvious is that the time error is subject to considerable 
variation by slight changes in the stimulus situation. Es must state 
in detail under what conditions the positive, negative, or zero time 
errors are found. 


So much for the time error. We have seen that the time error 
can be changed markedly by varying conditions. We have also 


t less 


asic con- 
can be 
ituation 
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seen that theory has played a large part in directing the. experi- 
ments which have been performed in recent years. 

Judgment time and confidence. It is a common observation 
that certain decisions require longer to make than do others. 
When decisions take a long time it appears to be caused by the 
fact that the differences between the alternatives are slight. In 
simple form, if we were to judge which of two weights was heavier, 
it would take less time to judge an 80 gram weight against a 100 
gram weight than it would a g6 gram weight against the 100 
gram. The greater the similarity in amount of a physical attribute 
possessed by two stimuli, the longer it will take to make a judgment 
concerning the relative amounts of the attribute. 

Studies by Festinger (94, 95) show that there are other response 
characteristics associated with judgment time, one of these being 
the confidence in the judgment once it is given. In studying this 
Festinger used the method of constant stimuli, but pre- 


problem, 
uli simultaneously so that the time error did 


sented the two stim 
not enter into the results. 


Two black metal boxes were used for presentation of the stimuli. 


Ordinary electric light bulbs were placed inside each box. In front of 
each box was an opening, 3/, inch wide, extending the length of the box. 
A metal strip, placed through grooves on each side of the opening, could 
be moved back and forth so as to cover up all or any desired portion of 
the open part. The opening itself was covered with heavy ground glass 


through which the light could shine. ; , 
The boxes were mounted upon a table 31 inches high so that the open- 
l. The distance between the neighbor- 


the boxes were vertica 
cal lines was 9 inches. A black cardboard screen 


unted in front of the apparatus so that the only 
homogeneous black background and 
were always carried out in total 
ntil the two vertical lines were 


ings in front of 
ing edges of the two verti 
with two slits in it was mo! 
thing visible from the front was an 
the two vertical lines. The experiments 
darkness so that nothing could be seen w 


illuminated. , 
The Ss sat in a chair 130 inches away from the apparatus and midway 


between the two vertical stimuli. 
d simultaneously to the S for 0.5 second. 


The two lines were presente 
of stimuli was controlled by an electron 


The duration of the presentation i 
tube tachistoscopic timer. When the tachistoscope was turned on, thus 


illuminating the vertical ic stop clock started. After 0.5 


1 lines, an electri: 
second the lights went off automatically, but the clock kept turning until - 
the S’s response activated 


a voice key which stopped the clock. .. . After 
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each response, the experimenter, using a very dim flashlight, recorded the 
proper data and set the apparatus for the next presentation. 

The stimulus line at the left of the S was always kept at a length of 
7*]z inches. This we shall refer to as the standard. The length of the other 
stimulus line was adjusted by means of the sliding metal strip. . . . This line 
we shall call the variable stimulus. 

Fifteen positions of the variable stimulus were used, seven shorter than 
the standard, seven positions longer than the standard, and one position 
equal to the standard (94, pp. 291-292). 


In determining the relationship between judgment time and 


the confidence in the judgment, the following special instructions 
were given: 


After making each judgment you are to express your confidence that the 
judgment was correct in the following terms: 50 per cent confidence means 
average or median confidence, the amount of confidence one usually has 
in most of one’s judgments; 75 per cent means confidence definitely above 
average, the amount of confidence you have when you are quite sure you 
are right; similarly, 25 per cent means definitely below average confidence, 
the amount you have when you are only guessing; 100 per cent confidence 
is at the extreme end of the scale of confidence and means complete 
certainty, no possibility of error; similarly, zero confidence is at the other 
end of the scale of confidence and means no confidence in your judgment 
whatever; you are just as likely to be wrong as right. 


Thus, you are to construct a “mental scale” of confidence with 50 per 
cent in the middle, 25 and 75 per cent on each side of the middle Tange, 


and 100 per cent and zero per cent way out at the ends of the scale (945 
`P- 293). 


Ss were given preliminary practice until they were well ac- 
quainted with the procedure. On the experimental trials, each § 
made 40 judgments for each of the 15 variable lengths. The 
results of one S are indicated in Fig. 16, showing the relationship 
between the difference in the actual lengths of the standard and 
variable and the confidence expressed in the judgment. The confi- 
dence scale along the ordinate is constructed so that the zero 
point, the value to be used when S has no confidence, is in the 
middle, with a scale to 100 running above and below this. The 
relationship is quite clear: namely, that as the difference in the 
lengths of the variable and standard increase, confidence in the 


judgment likewise increases. Results of other Ss, not plotted, 
showed similar results, 


: 
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Related work. The rationale of the method of constant stimuli 
underlies work in other areas. The revised Stanford-Binet Test 
of Intelligence (376) is so constructed that the scoring procedure 
follows the basic philosophy of the constant methods. S is given 
first a series of problems all of which he can answer correctly. 
This is done by presenting problems fitted for an age level below 
that of S. The examination proceeds by increasing the difficulty 


= 
S 
o 


Confidence Rating 
SSe8e88 28 


200 —46-12-8-4 0 4 8 12 16 
Variable Smaller Equal Variable Larger 

Physical Stimulus Difference (e) 

Frc. 16. Relationship between physical stimulus differences of two lines and 
the confidence pee in judging these differences. S was asked to judge whether 
one line was shorter or longer than the other and then express the confidence 
rating. The curve shows that the greater the difference in the length of the two 
in the judgment. 100 indicates high confidence; 


lines the greater the confidence : 
o, low confidence. Adapted from Festinger (94). 


a series of steps until all items at a given level are 
missed. Æ has explored the range of responses from the point 
where all items are answered correctly to the point where all 
items are answered incorrectly. S’s mental age is certainly not at 
the highest age level where all items were correctly answered and 
just as certainly not at the lowest age level where all were failed. 

here in between. The highest 


The ‘mental age must be somew v 
level where S correctly answers all problems is called the basal 
of age steps for which the problems 


age. Above this is a series | 
are increasingly difficult and § will miss more and more until the 
rrect. To the basal age is added 


level is reached where none is co 
the number of correct responses obtained at the various ages 


of the items in 
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above the basal age. The best guess as to the mental age is near 
the age level where S gets 50 per cent of the problems correct, 
though in actual practice it is somewhat higher. Since different 
sets of problems are related to different age levels, $’s mental age 
is an estimate of the point or age level associated with the set of 
problems on which he scores 50 per cent correct. 
then used in deriving intelligence quotient (IQ). 
The Seashore Measures of Musical Talents (342) use the method 
of constant stimuli in determining the musical aptitude of S$. For 
example, in determining the acuity of pitch discrimination, S is 
presented with a series of pairs of tones and is asked to judge 
whether the second tone is higher or lower in pitch than the 
first. These stimuli are presented phonographically and the series 
includes pitch differences which are easily discriminable and 
differences which are not perceptible. If § on the average is able 
to discriminate only large differences as compared with the 
average, it indicates a large difference threshold and a likelihood 
of rather low musical aptitude. The smaller the difference thresh- 
old the greater the sensitivity to pitch differences and, when taken 
in conjunction with small thresholds along dimensions such as 


intensity and rhythm, the greater the probability of § being a 
successful musician, 


Mental age is 


Summary of Section on Method of Constant Stimuli 


1. The method of constant stimuli has two major variations: 


a. For 
threshold 


l variable an equal number of times. Th 
variable stimuli are presented wi ndom ed a 
> 
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2. A major source of error arises when the two stimuli are pre- 
ented successively rather than simultaneously. This constant 
error, the time error, has been widely investigated and much of 
the interest in the constant method seems to be perpetuated be- 
cause the method allows for the study of this error. Several recent 
studies pertaining to the time error were reviewed. 


THE METHOD OF EQUAL APPEARING INTERVALS 


Most boys have had the experience of laying out a sandlot 
baseball diamond without benefit of a measuring tape. The pro- 
cedure consists of finding a suitable place for home plate and 
then attempting to place the bases so that they are equally spaced 
and at distances that seem to approximate those of the official 
diamond. In laying out this diamond the idea is to make the dis- 
tances between bases appear as equal intervals. Because we recog- 
nize the error in our instrumentally unaided judgments, we often 
have “stepped off” the distance to aid in equalizing the intervals. 
It so happens that the visual equalization of distances is a well- 
practiced discriminal process in our culture and we can be sur- 
prisingly accurate except when certain distractions are added to 


bias our judgments, as in the case of the Müller-Lyer illusion. The 
”» into equal psychological intervals 


breaking up of a “‘sense distance 
is the major purpose for which the method of equal appearing 
intervals was devised. 
Before considering the details of the method, we must give 
measurement which thus far we 


some attention to problems of 
derstand the implications of 


have skirted. It is necessary to un 
s in order to comprehend the purposes and uses of 


these problem 
l appearing intervals. 


the method of equa 


Scales 


Quantified dimension: 
phenomena are often called extensive scales, 


s which reflect characteristics of physical 
.* The major characteristic 


he word extensive literally. As used in the present context it 
* Likewise, the term intensive, to be 


Do not take t! li 
does not imply “large, Or extended in space. i t 7 ) 
be given its usual meaning. Their special meanings 


introduced shortly, is not to A x : ; 
as customarily applied to the subject matter we are discussing, will be made 
clear in the text. 
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of an extensive scale is that the unit of measurement is the 
same size throughout the entire dimension. To put this briefly, “an 
inch is an inch,” or, “a foot is a foot”; the distance from 2 to 3 
inches is exactly the same as the distance between 122 and 123 
inches. We have seen that psychological response dimensions, even 
those which are largely a function of a single physical dimension, 
seldom show a one to one relationship with that physical dimension. 
Increasing the frequency of the sound wave from 100 to 200 cycles 
does not thereby ‘‘double” the psychological phenomenon of 
pitch. Since the psychological dimension does not directly parallel 
the physical dimension, we would know that a unit change in 
the physical stimulus at different places along its extensive range 
would not elicit equally differing psychological experiences. 
Weber’s law implies these facts. It thus remains somewhat of a 
problem, and an intriguing one, to construct a psychological scale 
in which the units are experientially equal throughout the entire 
dimension. 

If we were to construct a psychological scale with equal units, 
what unit of psychological experience might we use? One which 
has been suggested as being the smallest possible unit, having a 
counterpart in experience, is the difference threshold or just 
noticeable difference. Weber’s law has given us the basic infor- 
mation that the amount of change in the physical stimulus neces- 
sary to bring about a just noticeable difference will vary as a 
function of the absolute magnitude of the physical stimulus. So, 
why not use the difference threshold, or some multiple thereof, 
as the unit of the scale and relate each difference threshold to a 
change in the physical dimension? For example, we might start 
near or at the lower absolute threshold for pitch, and add suc- 
cessive differential thresholds until the entire range is covered. 
Since each successive threshold is determined in exactly the same 
way regardless of the magnitude of the stimulus change, each should 
be experientially equal to all others. 

Such a procedure has been carried out on certain dimensions. 
There is, however, disagreement: as to whether all differential 
thresholds determined in this fashion are equal. For some dimen- 
sions, the subjective experience associated with the ninth differ- 
ence threshold in the series is not equivalent to the subjective 
experience associated with the twenty-ninth, merely to pick two 
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numbers as illustrations. What this means is that S, confronted 
with just noticeable differences from two different parts of a 
series, will not necessarily judge these differences to be subjec- 
tively equal. If this is true, and it has been reported in some 
cases, our units have a rather superficial or false equality—a 
difference threshold is not a difference threshold in the same 
sense that an inch is an inch. We must conclude that in spite 
of the quite obvious equalizing of the difference thresholds by 
thé method used to measure them individually in a given series, 
we cannot use them as units of a scale without first demonstrating 
their phenomenal equality. For some dimensions of psychological 
experience they seem to be equal, for others not. 

In addition to the feature of equal units which we have dis- 
cussed, extensive scales have an absolute zero. This is easily seen 
in the case of physical measurements. Zero length, zero weight, 
and so forth, can be shown to be the logical limit to the lower 
end of the scale. For the scaling of psychological sensory experi- 
ences, the lower absolute threshold is usually assumed to be the 
absolute zero. 

Another property of extensive-scales is that called additivity, 
This means that if we add two equal units together by the usual 
arithmetic operations, the resultant quantity will be twice as great 
as either alone, In the case of physical scales, such as an inch scale, 
this is easy to visualize. If we add the difference between 2 and 3 
inches to the difference between 3 and 4 inches, the resultant 
will be twice as great as either difference alone. For psychological 
measurements the feature of additivity would mean that if we 
have two psychological units which are equal (such as two dif- 
ference thresholds), and if we “add” them together, they should 
give an experience twice as great as either alone. We cannot attend 
to the problems involved in fulfilling this qualification for psy- 
chological dimensions except to say that the evidence is incon- 
clusive as to whether or not psychological scales have ever been 
shown to possess such additive properties (306). There is no 
reason to believe, however, that operations or procedures will not 
be found with which to accomplish the objective. It may be, 
of course, that psychologists have been over zealous in their 
attempts to set up psychological scales which emulate physical 
scales, but it should be said that such attempts have been very 
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provocative in getting philosophers, physicists, and psychologists 
to analyze various problems of measurement. 

The fact is that few psychological dimensions can be called 
extensive scales. In most cases psychological dimensions have 
simply ordinal properties and are called intensive scales. An ordinal 
or intensive scale is just a rank order scale in which A is reliably 
measured as being greater than B, B greater than C, and so on, 
but it is not known that, nor assumed that the difference between 
A and B is the same as the difference between B and C. If, for 
example, we were to rank three foods, T-bone steak, spinach, 
and cod liver oil in order of preference, we would probably rank 
them as written. However, our preference for T-bone steak over 
either spinach or cod liver oil is much greater than the preference 
for spinach over cod liver oil. 


The Method 


The method of equal appearing intervals has been used to 
break down a psychological dimension, or a portion of that dimen- 
sion, into equal phenomenal units. In actual practice the S actively 
equates “sense distances,” As an example, let us say we set up 
two lights, one bright and one dim; between these lights there 
is a certain brightness “distance.” If you were given another light 
which could be varied in brightness, could you set the brightness 
of this variable light so that it would be halfway between the two 
standard lights? Could you bisect the brightness distance? If we 
gave you two numbers, say 5 and 11, and asked you to find the 
number which is half way between, you would easily establish this 
as the number eight. Could you, in the same fashion, find the 
brightness value which is halfway between the two standards—the 
psychological eight? If you could do this in a reliable fashion we 
would say that you had equated two sense distances. We might, 
then, give you two variable lights and ask you to trisect the distance 
between the standards, or three variable lights and ask you to 
quadrisect the distance. All of these procedures may be spoken of 
as fractionation of sense distances. 

Another procedure which may be used has the qualities of 
multiplication. We present a standard light and a variable light 
and ask you to adjust the variable so that it appears to be twice 
as bright as the standard. We might also ask you to set the 
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variable so that it is half as bright as the standard. The latter 
becomes a form of fractionation since setting the variable half 
as bright as the standard would be bisecting the distance between 
the standard brightness and zero brightness. 

From S’s standpoint, equal appearing intervals as a method 
describes itself very well. Equal appearing intervals are equal 
sense distances. In all the procedures, of course, many measure- 
ments are taken and measures of central tendency and variability 
determined. 


Illustrative Experiments Using the Method of Equal 
Appearing Intervals 

Working out an equal unit scale for a psychological dimension 
becomes a rather complex procedure. The problem is that of 
establishing equal psychological units throughout a dimension and 
relating each successive unit to a physical stimulus change. Since 
we know that the two dimensions are not perfectly correlated, 
we may expect that if psychological units are kept equal, the 
amount of physical change necessary to bring about these equal 
units must vary for different portions of the scale. We shall not 
attempt a complete follow-through on one of these projects, but 
we should go far enough so that you can get the idea of how such 


scales might be constructed. ; , 
A pitch scale. We shall use as our illustration the work of 


Stevens and Volkmann (367). The problem is that of constructing 
a pitch scale of equal units as a function of frequency, with all 
other aspects of the physical stimulus held constant. : 

Stevens and Volkmann used a special tone generator, an oscilla- 
tor, which would present Sa series of pure tones. Using the method 
of fractionation, S manipulated three variable tones to fractionate 
a given pitch distance into four phenomenally equal ph One 
might think of this as bisecting first the total distance an then 
each of the two resulting halves, although in actual practice $ was 
instructed not to work in this fashion. S was given as much time 
as he needed to make his equations, and several equations were 
made for each pair of standards. i 

We will consider the results obtained on one standard sense 
distance: namely, the distance between 200 and 6500 cycles. One 
standard was set at 200 cycles, the other at 6500. S was to 
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quadrisect this sense distance. A schematic drawing of the results on 
10 Ss is shown in Fig: 17. Each $ made five judgments each. It 
can be seen that on the average the Ss set the variable bisecting 
the total distance at 2022 cycles. The lower half was bisected at 


867 cycles and the upper half at 3393 cycles. The four pitch 
distances resulting were equal from S’s standpoint. 


Lower Upper 
Standard Standard 


1 ' 
' 1 
l- i] 
' i 
[i i 
i 1 


a a 


Cycles: 200 867 2022 3393 


6500 


Fic. 17. The quadrisection of a sense distance. Ss were presented with two 


standard tones, 200 and 6500 cycles, and were asked to break the total pitch 
distance into four equal 


i pau by setting three variable tones. Ss judged 2022 
cycles to bisect the total distance, and 867 and 3393 cycles the lower and upper 
talves respectively. Data from Stevens and Volkmann (367). 


Now, how would we begin constructing a scale showing pitch 
as a function of frequency so that the units of the psychological 
scale are equal? First, we would plot the physical scale along the 


4 


Equal Pitch Units 
N 


0 
200 1000 2000 3000 4000 


5000 6000 7000 
Cycles per Second 


abscissa. Usually this would be plotted in logarithmic unis but 
we shall plot it arithmetically as in Fig. 18. The pitch units, which 
the operations have defined as being equal, are plotted along the 
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ordinate so that equal ordinate distances represent equal pitch 
distances. Then if we codrdinate the two axes as in Fig. 18, we 
have shown how much change in physical stimulation is necessary 
to bring about equal pitch changes along the dimension. Absolute 
zero can be determined by extrapolating the curve or by deter- 
mining the lower absolute threshold. According to Stevens and 
Volkmann, both methods yield about the same result, showing the 
zero point of pitch to be at 20 cycles ver second. 

Results very comparable to those above have been found by 
presenting S with a single standard stimulus and requesting that 
a variable be set so that it will bisect the distance between the. 
standard and zero. Using such a method, the following was found 
by Stevens and Volkmann. 


Standard: (c.p.s.) 150 250 500 1000 2000 3000 5000 10,000 
Frequency Judged Half: 85 111 206 373 633 1009 1437 2064 


It is well to remember that a frequency judged half of a standard 
is a mean value, and successive judgments for the same standard 
would show a scattering of values. The fact that the variation is 
all allows for rather precise scaling although, of 


relatively sm 
lute frequency increases, 


course, the variability increases as the abso 


as would be expected from Weber’s law. 
Other attempts to set up response scales of an extensive nature, 


as well as a thorough discussion of the problems attending those 
attempts, may be found in Reese’s monograph (306). : 
Construction of an attitude scale. In all the experiments dis- 
cussed thus far in Chapters II and III, E had control of a physical 
stimulus which was manipulated along a carefully quantified 
scale, with the major problem being that of relating a response 
dimension to the physical stimulus dimension. In the next chapter, 
and for the remainder of this chapter, we shall be concerned. 
with problems in which Æ must attempt to quantify a, suspected 
psychological continuum—a response dimension which is pre- 
sumed to vary from high to low, from „weak to strong, from 
pleasant to unpleasant, but for which there is no known corresponding 
physical dimension. 
The method of equal appearing intervals, as well as other 
methods to be discussed in the next chapter, has been used in 
attempts to quantify human responses to stimuli which may vary 
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i i k, for example, to have S rate 
shies res pee high oranda could be reached on 
aes at ʻi dimension. What is the physical dimension which 
H care the psychological dimension? Is it the number of 
soni i i ord? Is it the angular shape of the letters? Is it 
Tae i ie a ink? Is it a combination of these? Of course 
a tia can only seem to be very remotely related to 


miliarity as apart from 


asking, “But, how many 
times did he stutter?” (cf. p. 47). We must be especially careful 


simplicity, balance, symmetry, 
formality, 


ess, are studied in relat 
tion of qualities such as these 


ion to value. Defini- 
is frequently given in 


The most obvious m of stimulus qualities is 
orts (30, pp. 274-275). 


——— 
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of wave length but for attitudes there is no physical dimension 
which is correlated. 

Thurstone and Chave (385) attempted to construct an attitude 
scale in which all units of the scale would be equal. The attitude 
chosen was the “attitude toward the church.” It is assumed that 
this attitude extends along a conceptualized linear scale so that 
at one end we would find the most favorable attitude toward the 
church and at the other end the most unfavorable attitude toward 
the church. In the middle would be a neutral zone signifying 
indifference of attitude. The problem, then, is to quantify this 
supposed linear dimension so that its units are equal and so that 
a numerical index can be used in determining one’s attitude 
toward the church once the scale is complete. 

To do this, certain assumptions concerning attitudes and their 
expressions must be made. The definition of attitude given by 
Thurstone and Chave is typical of the usual definitions: “. . . the 
sum total of a man’s inclinations and feelings, prejudice or bias, 
preconceived notions, ideas, fears, threats, and convictions about 
any given topic” (385, pp. 6-7). As indicated by this definition, 
and as most psychologists would agree, attitudes are extremely 
complex behavior tendencies. How are we going to measure 
them? The custom has been to use opinions as a means of measur- 
ing attitudes. The opinion is assumed to be the verbal concomitant 
of an attitude—it is a response which is assumed to be indicative 
of the nature of the man’s complex reaction tendency toward a 
given topic. If a man says: “I believe in the church and all it 
stands for,” we are likely to conclude that this man has a favor- 
able attitude toward the church. The only other alternative we 
have is to believe that the man is a liar, which indeed will be true 
in some cases. This suggests that a man’s behavior—his day to day 
activities—might be a better (or at least different) index of atti- 
tude than would his opinion. This may be true but getting a 
sufficient index of this behavior would be a laborious process. 
In lieu of this we may accept opinions as indices of attitudes and 
recognize that opinions and behavior are probably not perfectly 
correlated. s 

The first step in the construction of the scale was the gathering 
of a great number of statements which expressed opinions toward 
the church. These statements varied in terms of the opinions 
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expressed, from very unfavorable to very favorable toward the 
church. Thurstone and Chave collected 1 30 such statements. The 
second step was the actual scaling procedure by the method of 
equal appearing intervals. 

Three hundred Ss or judges were given the 130 statements 
with instructions to sort them into 11 
linear scale of attitude toward the 
that pile No. 1 indicated the end 


; they were merely 


300 judges were used, each 
times, 


The raw data havin b : 
work was required to Aes Acted, considerable statistical 


would be indicative of hi 
becomes apparent that th 


E. 
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be an important statistic for determining the degree of ambiguity 
of each statement. The greater the variability among the judges 
concerning the placement of a given statement, the more am- 
biguous we may conclude that item is. 

The spread of the placements as indicative of ambiguity may 
be illustrated by the results obtained on two statements. The 
statement, “I don’t believe church-going will do anyone any 
harm,” proved to have a very low ambiguity rating as determined 
by the distribution of the placements. The median scale value of 
this statement was 5.8. On the other hand, the statement, “I 
believe the church has a good influence on the lower and un- 
educated classes, but has no value for the upper educated classes,” 
shows almost a rectangular distribution, indicating little agree- 
ment among the judges. Figure 19 shows the distribution of pile 
allocations by the 300 judges for these two statements. The am- 
biguous statement, the one with little agreement, was placed in 
pile No. 5 by only 18 per cent of the judges and yet this was 
the greatest frequency in any pile. On the other hand, the first 
or unambiguous statement was placed in one pile (No. 6) by 
62 per cent of the judges. There can be little doubt that this 
statement is less ambiguous than the other. Actually, there are 
several objective measures of the degree of agreement which 
might be used. The standard deviation would be satisfactory; 
the mean deviation might be used. Thurstone and Chave have 
used the statistic Q, which is the scale distance between the 25th 
and 75th percentile. 

With scale values and Q values for all statements, the elimina- 
tion of the undesirable items may begin. Ideally, of course, the 
final scale should have statements included so as to cover the entire 
that is, so that the entire range of scale values 
ts with very high and very low scale 
values we would expect, of course, markedly skewed distributions 
of judgments, but even in the case of those statements at the end 
of the dimension for which there is high agreement, the scale 
value would not fall at the very extreme. Our scale range must 
therefore be restricted somewhat as compared with the range with 
whi judges worked. 

oe cere as to which statements will be kept and 
which statements will not be kept for the final scale there is no 


attitude dimension, 
is represented. For statemen 
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tomatic rule to follow. There is no magic Q value above which 
soba are to be discarded and below which statements are to 
be retained. This is almost entirely up to E’s judgment. Of course, 


the less the mean Q of the items in the final scale the more precise 
the measurement. 


70 


“| dont believe church-going will 
do anyone any harm” 


a 
o 


8 


Per cent Placement in Each Pile 
= 
ê 


“I believe the church has a 
good influence on the lower 
20 and uneducated classes, but 
88 no value for the upper 
educated Classes", 


10 tear cama A 
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by placing a plus before all the statements with which they agree. 
We can then determine a mean scale value for the endorsed state- 
ments—a measure of the attitude of a given S toward the church, 
Let us suppose that one S got a mean scale value of 7.0. Under 
such circumstances we would suspect that he would endorse 
nearly all statements which had a scale value of about 7.0, and 
that he would endorse with less and less frequency the statements 
with scale values further and further away from 7.0. Now, if 
the individual’s mean scale value of the endorsements is 7.0, and 
we find an item with a scale value of about 7.0 which is not en- 
dorsed, we would be suspicious of that statement. The’ attitude 
it expresses may be irrelevant to the dimension. If enough Ss 
showed such a trend for a given statement we would probably 
dispose of this statement as being irrelevant even though it might 
have a low ambiguity index. 

In the final scale, after eliminating items because of high am- 
biguity and low relevance, Thurstone and Chave had 45 state- 
ments remaining, these statements being fairly equally distributed 
along the scale. It would be possible to make equivalent forms 
if enough “good” statements were found. We would also want to 
make checks on the reliability and validity of the scale. In the 
case of the scale constructed by Thurstone and Chave, reliability 
was high and indications of its validity were also obtained. For 
example, divinity students on the average gave scores which were 
further toward the “favorable” end of the scale than did regular 
college students. 

It is well to point out tł 
intervals is by no means th 
satisfactorily to construct attit 
appear to eventuate in scales 


Thurstone technique and which : 
labor (86, aa ves (26) gives a good outline of ca ips 
various methods which have been used to construct sca es. ur 
discussion of attitude scales arose because the ear Me 
such a scale provides an illustration of the application of the 


method of equal appearing intervals. 


‘ 


hat the method of equal appearing 
e only method which can be used 
ude scales. There are others which 
as sound as those produced by the 
at the same time require less 
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G 
UMMARY OF THE METHOD OF EQUAL APPEARIN 
s INTERVALS 


1. This method consists in “cutting up” sense distances into 
units which are psychologically equal. 

2. With regard to sensory processes, the method has been used 
to establish precise relationships between the physical and psycho- 
logical dimensions and to construct psychological scales which 
have the characteristics of physical scales. This latter has not been 
entirely successful. 

3. Application of the method in other areas has been toward 


the equating of complex psychological distances for which there 


is no known paralleling physical continuum. The construction of 
an attitude scale was considered as an illustration of this. 

«4, Conceivably, the method can be applied to the establishment 
of equal psychological distances along any stimulus dimension, 


CHAPTER IV 


Discriminal Processes: Methods of Study IH 


oS See 


In this, the final chapter on methods of studying the discriminal 
ods: (1) the method of 


hall consider three meth 
k order; (3) the method 


processes, we s 
the method of ran! 


paired comparison; (2) 
of single stimuli. 
THE METHOD OF PAIRED COMP 
The Method 
This method is customarily used to determine relationships 
between S’s reponses for which there are no scaled physical dimen- 
sions. It may, however, be used in comparing stimuli which are 
able, and when so used it becomes quite similar 


timuli. The procedure of paired com- 
S is presented two 


ARISON 


physically measur 
to the method of constant s 
parisons is exactly what the name implies; 
stimuli and is asked to judge which has the greater amount of a 
given characteristic. Each stimulus of a given group is compared 
individually with every other stimulus in that group. The stimuli 
may be simple, as would be the case when we determine pure 
color preferences, oF they may be complex, as would be true 
when we ascertain preferences for works of art. 

Let us presume that a manufacturer is going to market a new 


kind of pancake flour—something which he has never marketed 
les appeal of the flour will 


before. He believes i 
depend upon attracti the package. Rather than trust 
expert judgment on the matter of package appeal, he has several 
different package designs made up and proceeds to determine 
empirically which of these is most preferred by a sample of 
housewives. If he has relatively few trial packages, say, 3 to 
6, the method of paired comparison is ideally suited to get a 
solution to his problem. A sample number of housewives is asked 
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is preferred to every other pack: 
the manufacturer’s final choice o 


ber of “stimuli” (packages). With 
2 


50 packages the number of comparisons becomes 50(49), or 1225 


mended because of the great amount of labor requi 
and in computation. 


TO per cent of the Cases 
90 per cent of the Cases 
45 Per cent of the cases 
55 Per cent of the cases 
85 per cent of the Cases 
15 per cent of the cases 


B is preferred to A in 
A is preferred to C in 
Cis preferred to A in 
B is preferred to C in 
-© is preferred to B in 
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From these data we would have little difficulty in concluding 
that dance band B is likely to be the most attractive to the greatest 
proportion of the population. If that proportion represents po- 
tential buyers of the product to be advertised, the sponsor will 
probably be wise to choose band B over the two rivals considered. 
It is clear, of course, that such data do not indicate that B is the 
most attractive of all bands—it only indicates that of the three 


compared, B would be most preferable to the greatest proportion 


of the population sampled. 


We may ask the question: “How much more do people prefer 


B to A or G?” We have a relatively large “distance” between 
either A or C and B, and only a short distance between A and C. 
The “how much” can be answered, although the complexity 
of the procedure does not recommend its inclusion here. The 
problem is essentially the one we have discussed in the previous 
chapter in establishing equal unit scales. This can be done if 
certain assumptions are granted. The mathematically inclined 
student can find the assumptions and the problems worked through 
in several sources, though the most recent and lucid expositions 
are given by Thurstone (384) and by Gulliksen (126). For our 


purposes it is sufficient to know that rank order of preference may 
and that in addition there 


be obtained from paired comparisons, i r 
are techniques for establishing the psychological distance separating 
the various ranks. 

Mustrative Experiments Using the Method of Paired 


Comparisons 
aesthetic choices. A study by Dashiell 


Judgment time in 
(75) illustrates the work on determining preferences for pure 
color and at the same time demonstrates the relationship between 
time required to choose between the two colors and the psycho- 
logical distance which separates those two colors. We have already 
touched upon this problem in the case of the judgment of length 
of lines under the conditions of the method of constant stimuli. 
Dashiell’s problem was: «Does the time taken to make a choice 
vary consistently with the amount of difference in the effective 
values of the alternative stimulus-objects?”” (75, P- B7)é 

Seven colors were chosen from a standardized series. The colors 


were red, green, yellow, blue, orange, orange-yellow, and 
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purple. They were presented to S by a tachistoscope and intro- 
duced in the following manner: 


You are to look through the two openings in the box before you. You 
will see first a gray card with two dots. Fixate these. When I press my key, 
the dots will go away and two colors will appear. I want you to tell me 
which of these colors you prefer. Here are two keys. Place the index finger 
of each hand on a key. You are to indicate which color you prefer by the 
key that you press. Press the key which is on the side of the color you 
prefer. When you make your choice, press the key firmly. It is not necessary 


to hit it. You must make a choice, but there is no hurry. This is not a 
reaction-time experiment (75, P- 59). 


Actually, however, E did measure reaction time. This was 
accomplished by E’s pressing a key when the colors were shown, 


thereby starting a clock which was stopped when $ pressed a 
key indicating a choice. 


Two cycles of the experiment were run 
so that the space error wo 


uld be cancelled out, (You will remember 
that the space error was considered in Cha; 


sides.) 


preferred to least referred: 
yellow end e dea green, — red, orange, 
mined by calculating the mean Peann ponse was deter- 
color and the colors of all other ra 3 

was judged with the various ne Pa a i a ee pue 
1.39 seconds. When red was judged with th Groter a ha 
mean latency was 1.84 seconds, a ciot ao 
than in the case of blue. The least-liked color, orange-yellow 
was responded to negatively, but more rapidly than those in ‘lie 
middle of the series. These findings are similar to 


other findi 
which we considered under the method of constant stimuli e 


When differences 
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are clear-cut there is little hesitancy by S; when the differences 
are slight, hesitation occurs, thus increasing the judgment time 
This principle probably holds for all human behavior, whether it 
concerns the judgment of differences in colors, weights, political 


issues, new clothes, or occupations. 


Most Least 
Preferred Preferred 


Fic. 20. Relationship between color preferen 
between two colors. The mean reaction times were d 


the mean reaction time in choosing between a given co! tl 
Nine Ss were used in determining the mean values. Data from Dashiell (75)- 


that preferred colors tend to give 
somewhat more rapid reaction times than do the least preferred 
colors, This finding has been substantiated by a carefully scaled 
paired comparison experiment of Shipley and his students (353): 
Pursuing the problem further, Shipley (354) performed an experi- 
ment in which S was instructed to choose the color liked least 
in the successive these conditions the results were 


pairs. Under 

reversed—Ss showed shorter latencies in choosing between the 
least preferred colors and the other colors. Shipley interprets 
this finding as being indicative of a factor of set brought on 
by the instructions and not as intrinsic to affective judgment as 
such, S, instructed to choose the preferred color, had a polarity 
of set toward preferred colors. This set enhanced speed of re- 

o choose the least preferred of a pair of 


action. S, instructed t 4 
colors, had a set toward reacting more rapidly toward the least 


It will be noted in Fig. 20 
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preferred end of the series. As we shall stress again and again, 
the importance of the instructions to S cannot be over-empha- 
sized. Minor variations in instructions—perhaps supplied unwit- 
tingly by E—may, in certain instances, strongly influence the 
results. Unless the instructions constitute the independent variable, 
they should be scrutinized as rigorously as all other factors in 
the experimental situation. 

Paired comparisons in the study of values. Barker (9) 
has used a modified form of the method of paired comparison 
on a rather unique subject matter. College students were presented 
with various terms or phrases descriptive of traits and values 
which might be desired in one’s living. Here are some of the 
Phrases: good health; cheerful disposition; good humor ; gaiety; 
gious faith; financial security. In all, there were 18 such ph 
since each phrase was paired with every other phrase, 
be a total of 153 pairings or judgments. These phrases were 
presented on mimeographed sheets and Ss took the s 
homes, with instructions not to make 
sitting. Barker did not ask 
alternatives, but rather 


strong reli- 
rases, and 
there would 


» Barker requested him to choose be 
alternatives, (1) 


faith, and (2) s 


erage religious 
trong religious faith, with less 
health. 


than average 


probably further heightened by certain statements which might 
suggest more than a single dimensional characteristic, For example 
one of the alternatives offered for choice was artistic ability we 
appreciation, which to some Ss may suggest two quite different 
values. In short, $ was making choices between exceedingly 
complex alternatives. 

In addition to the above procedure, 


Barker had $s indicate 
whenever their choices were uncertain. 


The instructions read: 
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In some cases your choice will be obvious and clear to you In oth 
cases your choice will be very uncertain, and you will have to fore BR 
self to indicate a choice; in these cases draw a circle around the x ( Para 
(S used x to indicate his choice.) E (Ovas 


From the results of these comparisons Barker rank-ordered the 
18 values, from the one receiving the greatest number of choices 
to the one receiving the least. (The actual rank orders of the 
values are not given.) He found that the greater the difference 

f the two alternatives the less the 


between the attractiveness © 
likelihood that the choice was marked as uncertain. He also found 
both very attractive, the choice was 


that if two alternatives were 
more likely to be marked uncertain than if the two alternatives 


were both quite unattractive. 
In a previous study (8) Barker had shown that when the 


attractiveness of two stimuli is about equal, S shows greater 
vacillation, or, as it is sometimes called in describing both human 
carious (substitute) trial-and-error behavior. 


and animal behavior, vi 
All data, therefore, seem to point toward several basic behavioral 
concomitants of difficult choices: (1) vacillatory behavior, (2) long 


reaction times in making a choice, and (3) higher uncertainty of 
the “correctness” of the choice. 

Preferences of broadcast listeners. A study by Eisenberg 
and Chinn (87) was aimed at determining what tonal range and 
intensity is most preferred on radio broadcasts. The experiment 


was performed in a specially fitted room at the Columbia Broad- 


casting Company studios in New York. The room was furnished 
dinary home. Ss, in 


to make it much like the living room in an or 
most cases, were obtained by advertising for them over the key 
CBS station in New York. This method of obtaining Ss, while 
not insuring a representative sample, does at least represent a 
landmark in the history of psychology- Although Es have used 
a great variety of techniques to obtain Ss, this was probably the 
first time that radio was used for this purpose. 

“Tonal range” in this study refers to degree of completeness 
of tonal range, as one aspect of the fidelity with which an original 
program of music or speech is reproduced when broadcast and 
picked up by 4 particular receiver. Radio receivers do not, as a 
rule, reproduce faithfully all the tones which occur, say, at a 
symphony concert. Three tonal ranges were used in this 
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experiment: wide, medium, and narrow, as determined by the 
number of high and low frequencies which were cut out in the 
transmission. Thus, the wide range of tonal reproduction ex- 
tended from about 30 cycles to 10,000 cycles per second, while 
the narrow range extended from about 100 to 6,000 cycles per 
second. The wider the range the greater the number of overtones 
or harmonics which are transmitted. In special conditions, three 
different intensity levels were used, these being 50, 60, and 70 
decibels. 

The transmitted program consisted of music and speech, in 
most cases recorded, though in one instance a regular program 
was fed into the testing room. With three different variations 
in tonal range, three judgments are necessary to complete the 
pairing of cach stimulus with every other stimulus, Also, with 
SAE A Nare worked out te rata eh aa 

on to each other, 


several more would be required. ‘This latter was not done com- 
pletely. 


Each comparison involved 1 


tues of their radios 


À pick up very | 
high notes, and that this makes for better iterar. The sain 


results suggest that a wide range of Teception is not ; 
preferred. That the results are not a function of the r aa 
by advertising is suggested by the fact that a group of Sate d 
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musicians also had a distinct preference for the narrow tonal 
range of musical stimuli. In the case of transmitted speech, the 
medium tonal range was preferred over either of the asiten 
Intensity levels most preferred averaged between 6o and 79 
decibels, with the somewhat higher level being preferred for 


speech. 


Summary of Method of Paired Comparison 

1. The method of paired comparison is a method for studying 
the discriminal processes by comparing every stimulus in a given 
set with every other stimulus with regard to a given dimension. 
The method is most efficiently used when the number of stimuli 
is small, since many stimuli make the procedure laborious. 

2. The method has been applied to a great variety of stimulus 
characteristics, both simple and complex. It is possible. to derive 
rank orders of the stimuli or, by making certain assumptions, to 
determine scale values which show not only the ranks but also the 
“distance” between successive stimuli. 

3. While the method is applicable to stimuli which can be 
meaningfully described by a physical dimension, most of the 
current applications of the method involve stimuli for which there 

dimension. 


is no scaled or otherwise kind of physical 
4. The method is closely related to the method of constant 
stimuli and to the method of rank orde.: 


considered. 


r—the next method to be 


THE METHOD OF RANK ORDER 
The Method 
This is one of the simplest methods used to study the discriminal 
processes and correlated behavior, and in many respects it is 
the most efficient. S is presented a group of stimuli which are 
common and is requested 


presumed to have some dimension in 
to rank the stimuli in order from high to low according to the 


characteristic being considered. The rank assigned a given stim- 
ulus by all Ss may be combined by calculating a mean rank. As 
in the other methods, measures of variability should be obtained, 
and, as in the case of paired comparison, scale values may be 
determined by certain statistical manipulations. The meehad. Ss 
usually applied to the study of judgments or discriminations in 
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which there 1s no known physical stimulus correlate to the response 
evoked. 
Due to the similarity of the problems for which the method of 


paired comparison and the rank order method are suited two 
illustrations should suffice. 


Illustrative Experiments Using the Method of Rank Order 


Nationality preference. Eighty-five members of an elementary 
psychology class were given slips of paper on which were listed 
seven different nationalities: Japanese, Chinese, Russian, French, 
Italian, English, and German. The class was instructed as follows: 


Imagine that you move into an International House on a college 
campus. One of the rules of the House is that you must have as a room- 
mate a foreign student of one of the seven nationalities listed. Look at 
the list carefully, then assign the number one to the nationality of the 
student you would most prefer to have as a roommate; the number two 
to the nationality preferred second, and so on, until the least preferred 
nationality is assigned the number seven. Take as long as you like to make 
the rankings. If two nationalities appear to be a tie as far as you are 
concerned, choose one or the other—don’t rank them the same. All seven 
nationalities must be assigned a rank and no two i 


ranks are to be the same, 
In preparing the slips, many different ord i i 
ers of the i 
had been made so that i a 


Nationality 


English 
German 
French 
Russian 
Chinese 
Italian 
Japanese 
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t the method of rank order gives 


It is immediately apparent tha 
btained by the method of paired 


about the same results as those o 
comparison. In one sense, both methods can be considered the 
same. When S ranks, he should, ostensibly, compare each stimulus 
with every other stimulus if his ranks are to be assigned care- 
fully. If he did this he would be following the method of paired 
comparison. The virtue of the paired-comparison technique over 
the method of rank order lies, if at all, in the fact that by paired 
comparisons S is forced to make independent judgments of each 
stimulus with every other stimulus. S may not actually make such 
a thorough analysis in the case of rank order. Nevertheless, it 
has been shown empirically that the two methods will yield results 
which are essentially similar (149)- Rank order is preferable if the 


number of stimuli to be judged is large. 
ill demonstrate a modifica- 


i Olfactory preferences. This study w 
tion of the method of rank order and will also touch on a sensory 


field which thus far we have said little about. Ss, in this study 
by Eysenck (92), were asked to rank in order olfactory (smell) 
stimuli. The stimuli were presented to S in small corked bottles 
with only a letter on each bottle as identification symbol for E. 
The olfactory sense adapts very quickly, so E must not present 


successive stimuli too rapidly. In this study 31 different stimuli 
han ask S for a complete ranking of so 


d be hard to make, Æ first instructed S 
ree groups according to the judgment: 
definite pleasantness, average pleasaniness, and definite unpleasaniness. 
After putting all stimuli in one of the three groups; S was then 
asked to refine his judgme ulus a score 
according to the following arran 
G8 Tin Cag at ma 


gement è 
Score: » 


No. of stimuli to 
be given the score: 


eee ary a 3 FF 


i into a symmetrical dis- 


ost pleasant) odor was given a score 


f preference were given a score of 
dor—the rankest—was 


bines rank order with 
in each interval. 


I 
This procedure forces 5 tO put the stimul 
tribution. The best-liked (m 
of 10; the next two in order ° 
9, and so on, until the most U 
to be assigned zero. The method thus com 
a rating scale made up of forced frequencies 
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We need not list all the stimuli—many of them would be familiar 
only to chemists. Aromatic stimuli, such as vanilla, cinnamon, and 
eau de cologne were usually ranked as the most preferred odors, 


while asafoetida and pyridinal were indicated as being the most 
unpleasant. 


Summary of Method of Rank Order 


1. With this method S is asked to place in rank order a group 
of stimuli according to the amount of a given characteristic. Mean 
ranks may be used as the basic Statistic showing the relationships 
among the responses evoked by the stimuli. 

2. This method is closely related to t 
parison and is usually used in lieu of 
stimuli are involved. 


he method of paired com- 
that method when many 


THE METHOD OF SINGLE STIMULI 
The Method 


ment concerning it. He may 
t or unpl re sy 

or unacceptable,” “good or bad.” a, rapat 
The relationship of thi 

stimuli is seen in the 
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a of the methods discussed thus far has. Let us go back for a 
ment to the illustration given when discussing paired com- 
parisons. Here we presented S with three stimuli—names of dance 
bands—in pairs and asked for a preference at each pairing. Now, 
unless we pursued this problem further we might, in certain 
instances, find that none of the three bands was highly pleasing 
to the listeners. If the sample of listeners had been presented with 
the bands (figuratively) one at a time and asked: “Do you think 
a thirty-minute concert by this band would be enjoyable or not 
so enjoyable,” it could conceivably be found that none of the three 
bands would make good listening. Similarly, if we are going to 
study the aesthetic responses toward certain modern works of art, 
a paired comparison or a rank order need not necessarily give us 
the answer to the question of whether or not the work actually 
elicited approval or disapproval responses. 

Large business concerns, being sensitive to changes in public 
attitude toward them, may have regular public opinion surveys 
taken so that a close record of shifts of opinion (if any) may be 
obtained. Changes can be noticed following certain events, such 
as strikes. These surveys, designed to keep the company abreast 
of public reaction, often use the method of single stimuli. The 
person being interviewed will be asked: “Do you think well, or, 
not so well of United Steel?” Do you think well, or, not so well, 


of General Brands Corporation pe 4 A 
The method, then, consists of presenting S with successive 
uli along a specified 


stimuli and requesting a judgment of these stim z 
dimension. The data can be handled readily. For any given set of 


stimuli we can determine the proportion of Ss using specified 
descriptive categories for each of the stimuli. 
e Studies Using the Method of Single Stimuli 


Illustrativ 
Affective “ Conflict.” Emotional reactions have been favorite 
responses for study by the method of single stimuli. The human 
organism makes affective responses to a wide variety ‘of stimuli. 
differentiated feelings, or 


The responses may be only vague, un 
they may: be clear-cut and violent responses, such as rage or fear. 
Many of the so-called affective responses resolve themselves into 
no more than what are commonly called likes and dislikes. The 


responses, if described in strict behavioral terms, are approach 
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responses for “likes” and avoidance responses for “dislikes.” In 
most cases, of course, the overt movement indicating approach or 
avoidance is short-circuited and a verbal expression of “like” or 
“dislike” is all that is measurable. Even here, however, there may 
be observable physiological changes which suggest emotional 
responses. Not only do our responses become telescoped but also 
the stimuli which are capable of eliciting emotional responses may, 
under certain circumstances, -be transferred to the word which 
stands for them. There is, for example, nothing intrinsically un- 
pleasant about the word vomit, but most people will rate such a 
word as being quite unpleasant. 

The study of affective responses of different intensities to verbal 
stimuli is a fertile field of experimentation for psychologists. We 
will consider an exemplary study of the affective responses to a 
group of common words as determined by the method of single 
stimuli. This study is reportėd by Lanier (209): 


Ss were given the following instructions to read before the 
experiment started: 


This is an experiment in “affective judgment.” The purpose is to study 
the feeling tone produced in different individual 


ls by the same common 
words. The experimenter will call out a word, and you are to report at 


once how the word affects you, using one of the following terms: PLEASANT 
UNPLEASANT INDIFFERENT MIXED 


Use the category mixen when a word seems to arouse both unpleasant 
and pleasant states. Make your judgments immediately. Do not try to 
analyze or to rationalize your reactions. Simply report the immediate 
affective reaction to the words (209, p. 204). 


Ss were 38 students at Vassar College. In addition to obtaining 
the number of times each word was plac 


ed in the four categories 
by the method of single stimuli, Lanier measured reaction time 
to the stimulus and the psychogalvanic response. The psycho- 
galvanic Tesponse is a much studied reaction in a great variety 
of laboratory investigations, although there is no general agree- 
ment on its specific interpretation. It is agreed that this response 
is indicative of emotional arousal and is brought about through 
the activity of the autonomic nervous system. The response "is 
‘measured by recording changes in electrical resistance of the skin 
with a device called a galvanometer. Ohms, a unit of electrical 
resistance, is the common response unit. 
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We should comment on the MixeD category used by E. It is 
possible that we do have mixed reactions toward certain stimuli. 
We may both like and dislike the event or object symbolized by 
a word, or at least we may have approach tendencies toward 
certain portions of the stimulus complex and avoidance tendencies 
toward other portions. Clinicians have recognized these opposed 
tendencies and the term ambivalence has been used to describe 
the condition. A person, it is alleged, may both love and hate his 
father, or to be more accurate, we would say that some of the 
father’s behavior evokes a withdrawal response and some evokes 
an approach response. The mixep reaction should, therefore, be 
clearly differentiated from the INDIFFERENT response, the latter 
being a neutral state with neither pleasant nor unpleasant reactions 
—the stimuli evoke no affective responses. 


TABLE 7 
REACTIONS OF 38 Ss To A GROUP OF Common WORDS 
Pleasant Unplecs-| Mixed Indif- 
ant ferent 


o Ma hie 
Percentage in Each Category 50.2 


Median Reaction Time 1.79 4 
Median Psychogalvanic Response | 165 177 263 166 


Data from Lanier (209). 


Table 7 shows the percentage of times each of the four cate- 
gories was used to indicate the response to the verbal stimulus. 


Also shown are the median reaction times and the median psycho- 
galvanic response for the words. It is to be noted that ony 10 
i i ion. How- 


per cent of the words elicited a 
ever, for these reactions the latency of respo 
the psychogalvanic response was greater than for any of the other 
categories. The differences between the reaction times and psycho- 
galvanic responses of the mixed category and those of the other 
categories are significant far beyond chance expectation. If the 

is indicative of an emotional reaction, 
t that the affective change brought about by 


the data sugges 
han it was for the words in 


the mixed words was 
which the affective responses were 
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unpleasant). On the other hand, it is difficult to see why the 
indifferent group of words elicited such large psychogalvanic 
responses. Nevertheless, to Lanier the long reaction times and the 
large psychogalvanic responses indicate that a miniature “con- 
flict” was taking place during the judgmental process concerning 
the mixed words. Table 8 shows the 10 words most frequently 


TABLE 8 


Ten Worns Most FREQUENTLY JUDGED PLEASANT, UNPLEASANT, IĪNDIP- 
FERENT, AND Mrxep 


Mixed ` Indifferent Pleasant Unpleasant 
body brick father worry 
work street love war 
study finger mother pain 

habit song blood 
money cousin home fear 
přay tone cry 
figure cut dance dead 
hot tree peace sick 
book grass swim sin 
kiss body. water crush 

From Lanier (209). 
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thought of as non-dimensional in nature; there are degrees of 
pleasantness and degrees of unpleasantness among one’s reactions. 
It can be shown that a given subjective dimension which $ uses 
to evaluate a given series of stimuli can be shifted as a conse- 
quence of the instructions which are given him. An experiment 
by Hunt and Volkmann (173) will demonstrate this. 

The method employed by Hunt and Volkmann makes use of the 
method of single stimuli but adds a feature which makes the. 
problem comparable to that used in the well-known rating scale 
procedure. A rating scale employs the method of single stimuli 
but defines the characteristics of the dimension on which the 
judgments are to be made more thoroughly than is customary in 
the method of single stimuli. Rating scales are used widely to 
evaluate performance of employees or trainees in industrial situ- 
ations. They were also used to evaluate performance in military 
service during the late war. In the usual rating scale procedure 


an instructor or supervisor is asked to rate S along a scale such 


as follows: 


Excellent Very Good Average Poor Very Failing 
Poor 


Good 


Numbers might be assigned arbitrarily to the various points; 
descriptive terms might be Jimited to the extremes of the dimen- 
sion, and several scales might be used to rate various aspects of 
the individual’s performance. There are many possible variations 
on the rating method. Like any measuring device, the rating 
scale should meet the requirements of consistency or reliability. 
Hunt and Volkmann did not present their Ss with a rating scale 
as such, but instructed them in the first part of the experiment 


as follows: 
i i judge the pleasantness 
You will be shown a series of colors. You are to ju s 
and dnatedsantne’s of each color on a scale of seven steps, represented by 
the numbers one to seven. Let the higher numbers stand for the pleasant end 
of the scale, and the lower ones for the unpleasant end.. Report your 
judgment to the experimenter as soon as it is made (173, p. 89). 


e not told that the most pleasant color in the series 


Thus, Ss wer 2 
>i the number seven, nor the most unpleasant 


was to be assigned 
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color one, but neither were they told not to do this. Five Ss 
followed these instructions, rating each of ro colors 10 times. 
Ten trials gave Ss plenty of Opportunity to get a good conception 
of the entire range of stimuli being employed. When they com- 


pleted this series of judgments, Ss were instructed as follows for 
the second series: 


ale of seven steps, represented by 
most pleasant color you can; then 


are holding in mind. Report your 


Pper part 
under the second 
nearly seven; rather, 
color dropped to abo 


the judgments are made, 
set up their own frame of i 
Lae ane €re (in the second part of 


y) a frame of reference is imposed on 
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one end of the dimension by providing a specific anchoring point 
around which the other judgments are to be ordered. 


z 
S 
a 87 = Without Instructional 
So choring 
= 6 ===-With Instructional 
Ž 5 Anchoring 
o 
= 
3 a 
= 23 
ce 
el 
> 


22345 67835 0 
Color Series 


Fic. 21. An anchoring effect in the judgment of the affective tone of colors 
produced by specific instructions. The affective scale is along the ordinate, 
with a rating of one indicating the unpleasant end and seven the pleasant 
end. The data are mean values on 5 $s. Data from Hunt and Volkmann 


(173). 


It was predicted above that if Hunt and Volkmann had used 
an anchoring instruction concerning the low (unpleasant) end 
of the scale, the data would have suggested a further expansion 
of the dimension. This prediction has been confirmed in another 
experiment by McGarvey (230) using a completely different 
kind of material. In a portion of this experiment, S was asked to 
rate a series of “behaviors” along a six-point scale from most 
desirable to least desirable. These behaviors were such things as: 
fishing without a license, poisoning a neighbor’s dog whose barking 
bothered you, killing an idiot baby, manufacturing counterfeit money, 
etc. Twelve such behaviors were used in the main experiment 
and S rated these items along the six-point scale. On a second 
series of ratings, Ss were provided with anchoring points at both 
ends of the scale, the anchoring behavior in one case being: less 
desirable, and in the other, more ‘desirable than any of the 12 
behaviors which had previously been rated. The influence of this 
procedure was to cause a considerable restriction in the range 
employed to rate the 12 behaviors the second time. It was as if 


the anchoring behavior produced a lengthening of the dimension 


so that, relatively, the 12 rated behaviors seemed less extreme 


than formerly. 
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Summary of the Method of Single Stimuli 


1. In this method S is presented with successive stimuli and is 
asked to judge or rate them on a given attribute. The attribute 
might be a fairly complex one (such as degree of pleasantness) 
or a simple one (amount of “heaviness”). The method may be 
used with stimuli for which there is or is not an explicit physical 
dimension, although the latter is usually the case. 

2. The method employs the basic rationale of all rating scale 
devices. 

3- S may construct his own subjective standard around which 
his judgments are made. Because of this, the method has many 
similarities to the method of constant stimuli in which a real 
standard is used. In several studies the subjective standard has 
been changed by instructions which introduce a stimulus (real 


or symbolic) to represent a standard value at the end of the 
dimension. 


SOME CONCLUDING CONSIDERATIONS 


In these three chapters (II, III, and IV) we have been con- 
cerned with stimulus-response relationships which were found in 
S upon his coming to the laboratory. This does not mean that his 


responses are not modifiable, for in the next chapter we shall see 
that under certain condition: 


s even simple sensory relationships 
may be changed. What does seem apparent, however, is that in 
the experiments which we have considered, E was not concerned 
with bringing about relativel 
nal processes by manipula 
methods of studying the 
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We must state again that in reviewing the methods of experi- 
mentation in the past three chapters we have only scratched the 
surface in giving the factual results which have emerged from the 
application of the methods. Although the sound factual data on 
sensory and perceptual relationships are enormous in amount, 
it is not the proper and specific purpose of this book to review 
them. If in another book they were presented merely as facts 
they might appear to be a hodge-podge of unintegrated knowl- 
edge, but if they were systematized around theory they would 
take on significance. Such a systematization would require at 
least a volume each for audition and vision. Such books would 
include considerable information concerning the structure of the 
sense organs and the nerve tracts associated with them, since, by 
theories of sensory functioning are physiological in 
n and out of which the various theories 
have been erected have been obtained largely by the use of the 
methods outlined in the three chapters, especially Chapters II 
and III. The references at the end of this section may be consulted 
for these facts. 

Another point should be reëmphasized. Without the many 
researches which have been performed in developing the methods 
of study that have been outlined in these three chapters, much 
of the research on the more distinctly psychological level (such 
as the measurement of attitudes) might not have been possible. 
The men who for hours on end have lifted weights and listened 
to barely perceptible sounds have pro ided us with a variety of 
techniques which are useful in a great many situations. It is a fair 
guess that long after the facts derived from psychophysical research 
have been assimilatėd into the general body of knowledge, historians 
will say that the major contribution made by psychologists in the 


realm of the discriminal processes was the development of research 
techniques which were app. icable' far beyond the immediate 


problems on which they were worked out. 
We should, by now, be clearly aware that even the most ele- 


mentary form of experimentation requires careful and persistent 
control. By now, too, we should have a basic grasp of the prob- 
lems involved in experimental design, so that in succeeding chap- 
ters we may become, where necessary, more critical of some of 
the work and claims of experimental psychologists. It will be 


and large, 
nature. The facts upo.: 
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made very clear that ability to outline and carry through an 

eriment requires a profound appreciation and respect for a 
saulerads of factors or conditions which might bias or falsify the 
results. And our final conclusion will be that control of the multi- 
plicity ọf conditions which may make for constant errors in even 
simple experiments—conditions which to the uninitiat 
seem inconsequential—demands a vi 
on us in other pursuits. 


ed might 
igilance not normally forced 


SPECIAL REFERENCES 
The following references may be consulted for systematic factual 
and theoretical information concerning the stimulus dimensions 


which influence our discriminal processes, 


Psychology for the Fighting Man, by a committee of the National 
Research Council (Washington: The Infantry Journal, 1943). 
This volume provides one of the most readable accounts available of 

Sensory and perceptual relationshi; 


ps. Special emphasis is given to the 
Practical application of these facts to soldiering. Chapters II through VII 
are most pertinent. 


I. 


2. Borne, E. G., Lancretp, H. 


S., and Wexp, H. P., Foundations 
of. Psychology (New York: Wile 


> 1948). Chapters 10 through 17. 


ptual relations in this book is more 


3- Woopworta, R. S. £ 


perimental Psychology (New York: Holt, 
1938). 
Although intended for advanced students, 


; the treatment in this book is 
so lucid that a beginning experimentalist can handl i 
Chapters XVII through XXVI, ee cg althe miäterial 


CHAPTER V 


Discriminal Processes: 
The Influence of General Variables 


INTRODUCTION 


We have mentioned previously that the discriminal capacity 
of the organism is dependent upon (1) physiological structures 
which are sensitive to certain energy changes, and (2) practice 
in making discriminations The importance of the first factor is 
fairly evident; if the retina of the eye is destroyed we are insensi- 
tive to light waves; if the spinal tracts carrying the nerve im- 
pulses from the muscles of the legs are destroyed, as sometimes 
happens in general paresis (severe syphilitic infection), there 
are no kinesthetic cues to aid in the “direction” of the leg. In 
general, soundness of the physiological mechanism is a prerequi- 
site for making fine discriminations. The second factor, the in- 
fluence of practice, is distinctly more psychological. When we 
say that the discriminal processes are influenced by practice in 
making discriminations we are saying that warung serves to in- 
fluence our responses to the physical energies in the environment. 

The importance of learning ~in the development of our dis- 
criminal processes is usually granted in general but seldom spec- 
ified in detail. Most researches in the past have been concerned 
with cross-sectional analyses of the discriminal processes, i.e., the 
capacity of the organism at the moment. When we study the 
influence of learning on these processes we are interested in the 
longitudinal aspects, i.€-, how they developed. We have pointed 
out that practice effects are usually present even in a short ex- 
perimental session, and that in cross-sectional studies, Æ must 
control these effects so that his data are not biased as a result of 
a practice differential. Early in this chapter we shall look at 
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experiments in which Æ, rather than controlling the effects re 
tice (as by counterbalancing), studies these effects. The bulk o 

this work has been done during recent years and the results have 
demonstrated clearly that our conception of the responses which 
are subject to modification must be broadened. 

Another factor which influences the discriminal processes, and 
which is basic to learning, is the factor of motivation. Our interest 
in motivation as related to discriminal processes has been sharpened 
because a few researches show that the motivation of S at the 
time he is making a discrimination or a judgment will profoundly 
influence that discrimination. 

One word before we review these experiments. A more thorough 
coverage of learning and motivation takes place in later chapters. 
There we will systematically detail the experimental manipula- 
tions which cause-changes in motivation, and also those mani- 
pulations which bring about differences in the rate of learning. 
By so doing we shall give adequate operational definitions to 
the concepts. For the present chapter we shall leave the two 
concepts of motivation and learning undefined, believing that 
their generally understood meanings are sufficient to permit an 
interpretation of their influence on the discriminal processes, 
When certain researches apparently show that factors other than 
learning and motivation influence the discriminal processes, the 
best guess is that these hitherto unidentified factors are actually 
aspects of learning and motivation. However, because of the 
unanalytical nature of the studies we shall have to be content 
with references to as yet unanalyzed biases influencing the dis- 
criminal processes. 

Our three major subject matter sections for this chapter, then, 
will be the examination of a few illustrative studies which show 


the influence on the discriminal processes of (1) learning, (2) 
motivation, and (3) 


a unanalyzed biases. In addition to the review 
of these subjects, attention must be paid to certain problems of 
experimental design. Thus far in the book we have been dealing 
largely with expe 


y periments in which the estimate of: the influence 
of a given condition was determined by the mean of many meas- 
urements. on only one S, or at most, a 


r i few Ss. In some of the ex- 
periments to be reported in this chapter and in most of the 
experiments in the remainder of the book, we shall be dealing 
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with procedures involving a single measurement on many Ss. The 
problems of experimental design raised by these procedures are 
numerous. Our initial consideration of these problems occurs in 
the latter part of the present chapter, using for illustrative material 
experiments dealing with the discriminal processes. 


ILLUSTRATIVE STUDIES SHOWING THE INFLUENCE OF 
LEARNING ON THE DISCRIMINAL PROCESSES . 


Pitch discrimination. We know that the major physical stimu- 
lus correlate of pitch is frequency of the sound wave. We know 
also that there are easily recognized differences among individuals 
with regard to pitch discrimination. The person who sings off key 
with irritating abandon probably has poor pitch discrimination. 
The problem of the influence of training on pitch discrimination 
has been a subject of considerable controversy for many years, 
with some psychologists asserting that pitch discrimination was 
largely a “given,” not subject to change, while others thought of 
it as a capacity which in part at least was built up by learning 
and would change with adequate training. Studies undertaken to 
resolve this difference of view had been quite inconclusive until 


Wyatt (423) performed an experiment in which most of the 


shortcomings of the previous studies were eliminated. 

Wyatt used the Seashore Measures of Musical Talent as the 
major index of pitch discrimination. Two other measures were 
also used, but we shall not consider them here. The Seashore 
Measures, it will be remembered, get an index of musical talent 
by employing the method of constant stimuli, in which the stimuli 
are presented in pairs on phonograph records. The album includes 
12 sides, among them a test of pitch discrimination. A standard 
tone is presented with variable tones 1, 2, 3» 5» and 8 cycles above 
and below the standard. An average S will have only a small 
percentage of error when the difference between the standard 
and variable is 8 cycles, and will have nearly a chance score 


o per cent correct, when the difference is 1 cycle. The less the 
Cie standard and the variable which can be 


difference between the Bt oe 
perceived, the better the discrimination. i ; : 

Wyatt used 16.Ss, 8 of whom are described as musically 
inclined (being enrolled in the School of Music) and 8 as not 
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being musically inclined. The 16 Ss were administered the Sea- 
shore Measures for Pitch twice. This procedure provided a stable 
index of initial proficiency in pitch discrimination, Then each 
individual S$ was given twelve 50-minute periods of training in 
pitch vocalization and pitch discrimination. After the training 
they were tested again on the Seashore Measures. The pre-training 
tats were given at the start of a semester and the post-training 
tests at the end of that semester, No control 
is a likely assumption that at 1 


in the School of Music. 
The training 
to suit th 


being changed 
ination training 
ne at 500 cycles, though in a few 


TABLE 9 
INFLUENCE oF Practicr on Pirron DISCRIMINATION 


EEEE E E a 
Pre-training error (%) 
Post-training error (%) 
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greatest percentage of improvement took place with the coarser 
discriminations. The non-musical Ss scored higher after training 
than the musical Ss did before training. After training, 13 of the 
16 Ss were above the median for the group on which the Sea- 
shore Tests were standardized; before training, only 5 Ss. The 
changes brought about in these Ss by Wyatt’s training program 
leaves no doubt that pitch discrimination can be significantly 
improved by proper training. It is not known from this study 
whether or not the improve- 
ment which took place was 

50 
permanent. If it follows the 
pattern of other learned acts, 
we may expect forgetting to 


> 
Ə 


take place unless practice is Èa Pre-Training Tests 
continued. = 
Wyatt’s study (and others, 2 29 
a 


e.g., 312, 401) leads us to con- 


° . a . Post-Trainin 
clude that pitch discrimination 10 Tests 


is not a fixed capacity with 
which we are endowed, but is 
amenable to change by learn- Differonce (cycles) Between Variable 


1 24 5 8 

ing. The increase in the ability ana:Standard 

to discriminate differences in Fic. 22. The influence of training 
: . nek on pitch discrimination. Data from 

pitch as a function of training Wyatt (423). 

undoubtedly has its counter- 

parts in other psychological dimensions of auditory phenomena, 

as well as in other sense modalities. In the broader conception of 

our discriminal processes, Moore’s (264) classic study has shown 

that what we hear as consonance and what we hear as dissanance 

in musical tones is probably a function of the learning imposed by 

our cultural standards. There is nothing inherently dissonant or 

consonant about a given combination of tones; rather, certain 

combinations are called dissonant, and they are “bad,” while 

others are said to be harmonious or consonant, and they are 
“good.” 

Affective judgments. A series of experimental reports by Peters 
has been most effective in demonstrating the réle of learning in 
our affective responses to certain stimuli. Peters starts out with 
an ideal situation by using stimuli to which Ss had no initial strong 
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affective response. By laboratory manipulation he then attempts 
to produce different feelings toward the stimuli. In one study 
(288), Peters used 49 Japanese words. These words would not 
produce strong affective reactions in S$ because for the most part 
they were completely new stimuli. Some affective tone might be 
aroused, however, because of similarity to English words. Sixty 
Ss, using the method of single stimuli, rated all 49 words as being 
either pleasant or unpleasant. From the original 49 words, 10 were 
chosen for special treatment. They were put on a memory drum 
(a device for exposing verbal material for short, regular inter- 
vals). S was instructed to pronounce 5 of the words whenever 
any one of them came into the drum window and not to pro- 
nounce the other 5. Thus, 5 of the stimuli were to be followed 
by an “approach” or positive response, while 5 were to be fol- 
lowed by an “avoidance” or negative response. Ss continued 


working on the 10 words until they had gone through the list 
five consecutive times without error. 


TABLE 10 


INFLUENCE oF FORCING POSITIVE OR APPROACH RESPONSES AND NEGATIVE 
OR ÅVOIDANCE RESPONSES TO VERBAL STM™ULI 


Per Cent Times Judged Pleasant 


Positive Words Before Training 


After Training 


= 
warui 38.3 70.0 
mushi 43.3 71.7 
tori 43.3 73.3 
yoi 56.7 81.7 
heiwa 56.7 91.7 
Negative Words 
kenasu 60.0 S17 
karai 53.3 35.0 
tatakai 50.0 30.0 
homeru 70.0 48.3 
amai 78.3 61.7 
Data from Peters (288). 
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percentage of cases a given word was rated pleasant. The first 5 
words in the table were those Ss had to learn to pronouce, and 
the second 5 are the ones they had to learn not to pronounce. 
In every case where S had to learn to make a positive response-— 
to pronounce the words—the pleasantness value went up, as shown 
by the number of Ss rating them as such. In every case where S 
was forced to avoid pronouncing a word, the pleasantness index 
went down. These results are squarely in line with Peters’ theo- 
retical argument that affectivity is a learned response and that 
stimuli which evoke avoidance responses will be judged un- 
pleasant and stimuli which evoke approach responses will be 
judged pleasant. The meaning of the stimulus, then, determines 
the affective judgment toward that stimulus. It would thus ap- 
pear that if we can produce a stimulus which evokes withdrawal 
responses, the feeling of unpleasantness will develop toward that 
stimulus; contrariwise, if we can produce an approach response 
toward a stimulus, the feeling of pleasantness will develop toward 
that stimulus. 

Attitude changes. Thurstone, in applying psychophysical 
methods to the study of social problems, has shown in several 
instances that changes in attitudes can be brought about by set- 
ting up certain experiences which are designed either to counter 
enhance a given attitude. One illustration will suffice (384). 
omparison technique and school 
hildren scaled the seriousness of 
various behaviors. Ss were presented the stimuli in pairs and 
were asked to indicate which of the two they thought most serious. 
There were 13 items involved, with the children placing a gangster, 
a bank robber, and a kidnaper near the top in terms of serious- 
ness of offense, and putting the beggar and the tramp near the 
bottom or least serious end of the scale. A gambler was placed 
near the middle of the scale. After the initial comparisons, the 
children were shown a film which depicted the life of a gambler 
in a none too favorable light. Then the children again evaluated 
the 13 offenses by the paired comparison method. The only 
appreciable change occurred in the case of the gambler, and 
the seriousness of this offense was raised considerably. Evidently 
ihe film was effective in producing a change in attitude to- 
ward gambling. This study exhibits the influence of learning 


or 
This study used the paired c 
children as Ss. Initially, the c 
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since the acquisition of thé “true” picture of the gambler, ra 
portrayed by the film, raised gambling to a higher point on the 
dimension, F 
Experimental establishment of a perceptual bias. Exten- 
sive data presented in Chapter II, Table 2, showed a consistent 
tendency for S to overestimate the length of a given line. Such a 
tendency is indicative of a perceptual bias. The Miiller-Lyer 
illusion provides another illustration of a perceptual bias which 
is almost universal. How do such biases arise? There is no agree- 
ment on this matter. The universality of certain illusions and 
their presence at early ages suggest that learning is not an im- 
portant determinant of them, Learning may, 
these perceptions considerably. On the other hand, certain of 
our other perceptual biases seem to have been developed almost 
exclusively by learning. It is to such biases that we will turn our 
attention, 
One of the difficulties attend 
blems is that many of the biase: 
are difficult to discern, 


not a great deal is told 


however, modify 


ing the investigation of such pro- 
s are so unique that general trends 
and even if general trends are isolated, 


us about how the bias developed. The 
source of the bias may be far back in the life of the individual, 


Yet, there is no reason why these perceptual biases could not 
be developed in the laboratory if they are learned. If they are 
learned, the laboratory problem consists in applying basic principles 
of learning to discover what causes S’s perceptual bias. We turn 


to a study by Proshansky and Murphy (300) which suggests that 
this can be accomplished. 


Two small groups of 
mental group. In a pre- 
of single stimuli, Ss of 
length of a series of lines 


Ss were used, a control and an experi- 
training series of judgments by the method 
both groups were asked to estimate the 
-from 2 inches to 7 inches long. Then the 
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Intermediate length lines were rewarded and punished in a hap- 
hazard manner. The control group went through the training 
series but were merely shown the lines—no rewards or punish- 
ments were given. 

The critical point of the experiment came in the post-training 
test series. On' the test series Ss of both groups were shown inter- 
mediate length lines and were asked to estimate the absolute 
lengths. No rewards or punishments were given to either group 
during the test series. The statistics involved the comparison of 
the pre-training judgment of the lines with the post training 
judgments. This comparison showed that there was a significant 
shift in the experimental group toward estimating the length of 
the lines longer than they had been estimated during the pre- 
training trials. The control group showed no such shift. From 
these results it is inferred that the experimental group had de- 
veloped a perceptual bias toward overestimating the length of 
lines as a consequence of being rewarded for the longer lines. 
The duration of the bias was not determined. 

Modification of taste preferences. We all have our prefer- 
ences for certain foods. Some of the food likes are almost universal; 
an American who does not like ice cream is looked upon with 
astonishment. Many other foods are liked by some and disliked 
by others in the same fashion that certain musical selections or 


works of art.are liked by some and not liked by others. Manu- 


facturers of new food products make it almost routine to de- 


termine the best formula (as determined by a taste test in a 
sample of the population) for a given product. If one is to can 
a new soup and there are several combinations of ingredients 
which might be used, taste tests may be used to determine which 
combination would be most preferred. The armed services, as 
well as most large food manufacturing concerns, maintain testing 
laboratories for the purpose of testing tastes. Their problem is 
to determine preferences as they exist. An illustrative study will 
show how these preferences are likely to be the product of learn- 


ing. . eee - 
Gauger (104) set up 4 procedure which is called conditioning. 
The purpose of the investigation was to determine whether the 
hool children could be changed. He 


food preference of pre-se s i 
concocted some distasteful liquids made up of vinegar, egg whites, 
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F ildren, when forced to ingest these solutions, showed 
Oe cise Judges rated the reactions of the children 
on a dimension labelled “‘satisfaction” at one end, and at the other, 
“dissatisfaction.” In the initial part of the experiment the solutions 
of vinegar, egg whites, and salt were rated as bringing about very 
great dissatisfaction on the part of the Ss. Then a training pro- 
cedure was put into effect whereby a piece of chocolate, a highly 
satisfying food, was given immediately after the distasteful food. 
These pairings were continued for 35 days, with the judges rating 
the children’s reactions to the foods each day. By the end of 35 
days, the previously rated dissatisfactory foods were rated as no 
worse than indifferent, i.e., they brought neither satisfaction nor 
dissatisfaction. The chocolate, on the other hand, fell markedly 
in the amount of satisfaction expressed, though by the end of the 
35 days it had not reached the point of indifference. Each food 
seemed to have influenced the degree of liking or disliking for the 
other as a consequence of the situation which forced the ingestion 
of both liked and disliked foods in rapid succession, The dis- 
tasteful food became less distasteful and the tasteful food became 
less tasteful. These conclusions depend, of course, on the as- 


sumption that the reactions of the children as rated by the judges 
are a valid index of food preferences. 


Summary. In this section we have considered. experimental 
illustrations which all point to the importance of learning as a 
determinant of discriminal Processes. It has been shown that even 
in simple sensory discriminations, such as pitch difference thresh- 
olds, as well as in our discriminal processes which result in what 
are called attitudes and affective judgments, learning is a major 
determinant of the response Learning thus becomes a funda- 
F i iscriminal processes, and an understanding of 
E ors Aes Tate of learning, as well as allow it to 
> asic to the understanding of behavior. 


ILLUSTRATIVE STUDIES SHOWING THE 
MOTIVATION ON THE ier has 


DISCRIMINAL PROCESSES 
The psychological size of coins, 


One of the most intriguin: 
experiments to be published ‘in recent years is one reported by 
Bruner and Goodman (45) in which 10-year-old Ss estimated 


— 
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the size of coins. The method used was the`method of average 
error. Twenty Ss served in an experimental group and 10 in.a 
control group. The apparatus was a small box with an adjustable 
photo diaphragm mounted at one end. The diaphragm could be 
adjusted so that a circular patch of light, admitted through the 
opening, could be varied in size from 4/, to 2 inches. 

The experimental group of Ss went through two series of judg- 
ments. In the first series S was asked to set the diaphragm so that 
the circle of light would be the same size as a penny. Then he was 
asked to make the opening the same size as a five-cent piece; then 
a dime, a quarter, and finally, a half-dollar. For each coin in this 
series S made two judgments, one after E had set the diaphragm 
considerably larger than the coin, and one after E had set it çon- 
siderably smaller than the coin. When the size of all coins had 
been estimated once, the procedure was repeated, but this time $ 
started with the half-dollar. The exact procedure for each S was: 


go sP zop sp so sop së tof ao g 
SL SL SL SL SL SL S-L S-L SL S-L 


The S and L indicate “smaller” and “larger,” showing that for 


each coin in both orders the diaphragm was set both smaller and 
larger so that the movement error, if present, would not unduly 
bias the judgments. The ascending and descending order (a to. b, 
b to a) would presumably balance any practice effects which 
might occur. Each S went through the above procedure so that 
each made a total of four judgments for each denomination of 
coin. . 

In the first part of the experiment Ss set the diaphragm on the 


basis of memory for the size of coins. After the completion of 
this series they went through the same procedure again except 


that a real coin was held in the palm of the left hand while ad- 
justments of the diaphragm were made with the right. Thus, S 
would hold successively a penny, a nickel, and so on, in his hand, 
in each case adjusting the diaphragm until he thought it was the 


size of the coin. A 
` A control group went through only. thẹ second series, and 
instead of holding a coin in their hands, the Ss held a small card- 


board disc. A series of these discs was cut so as to be exactly the 
same size as the series of coins held by the experimental group. 
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i appearing between the judgments of the 
ae ee te E they were a function of differences 
i i not actual size. 
ee a igir ieni aa conditions for gathering the following 
data: (1) judgments when coins are absent; (2) judgments when 
coins are held in hand; and (3) judgments when cardboard discs 
in the experimental 
to-do families and half 


TABLE 11 
PERCENTAGE DEVIATION FROM ACTUAL SIZE IN Jupcments or Corns AND 
Discs 
Half. Number 
Group and Nickel | Dime uarter ~ |Judgments 
Conditions Penny “ & Dollar Per Coin 
20 Ss 
Coin Present 16.5 23.9 29.1 37.0 29.6 80 
20 Ss 
Coin Absent 7.2 19.6 11.6 32.8 35.8 80 
10 Ss 
Disc Present —5.4 —9 —1.5 1.8 —.8 40 
10 Rich Ss 
Coin Present 10.3 20.4 16.3 22.4 17.4 40 
10 Rich Ss 
Coin Absent 2.6 19.8 7.8 28.3 34.7 40 
10 Poor Ss 
Coin Present 22.7 27.3 41.8 51.6 42.0 40 
10 Poor Ss 
Coin Absent 11.8 


19.4 15.4 37.3 36.9 40 
Data from Bruner and Goodman (45). 


oO 
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quickly perceived; whenever the judgments were made concern- 
ing the coin size, overestimation of the size resulted. 

Figure 23 is a graphical representation of the judgments made 
by the 20 Ss in the experimental group when the coin was present 
as compared with the judgments made by the 10 Ss in the con- 
trol group when the cardboard discs were used. In judging the 
discs the control group was remarkably accurate except for the 
5 per cent underestimation of the disc the size of a penny. 


40 


n From Actual Sizo 
e 


Overestimation 
N 
o 


1 
© 


o 


Per cont Deviatio 


Under- 
estimation 


i¢ 5¢ 10¢ 25¢ 50g 
Denomination 


Fic. 23. Errors in the judgment of size of coins and size of cardboard discs 
the same dimensions as the coins. Data from Bruner and Goodman (45). 
The experimental group, on the other hand, consistently set the 
diaphragm so that it was larger than the true size of the coin. This 
overestimation is large and except for the drop which occurred 
with the half-dollar, the error increases as the value—not size—of 
the coin increases. In the case of the quarter the overestimation 
averaged 37 per cent. A quarter has a diameter of about 15/16 
inches. A 37 per cent error indicates that on the average the 
diaphragm was set so that its diameter was about 21/16 inch. 

Table 11 indicates that except in the case of the half-dollar, the 


overestimation was not as great when the judgments were made 


from memory (when coin was absent) as when the coins were 
present. Also, this table shows that the overestimation of the coins 
a) > 


by the 10 Ss in the poor group is greater than that made by the 
10 Ss in the rich group. These latter differences have been plotted 


in Fig. 24. 
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Bruner and Goodman indicate that these differences in the 
magnitude of the overestimation between the poor and rich 
children probably reflect a basic motivational difference in the 
two groups. A coin has greater value to a poor boy than it does to 
a rich boy and this is presumably mirrored in the size estimations. 
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Fic. 24. Differences in the amount of overestimation of coin size as a function 
of the financial status of S. The poor Ss were from a settlement house in a slum 
area, the rich Ss from well-to-do families, Data from Bruner and Goodman (45). 


constant error 
: (1) the Strength of 
: poor Ss), and (2) the potential reward 
value of the object (the greater the value of the coin the i 
Ba erage greater is 
the constant error, within limits). 
Concerning the procedure used i 


: ; hence, this may be a 
Oins have designs on them, the 
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cardboard discs do not. This might influence the size estimations. 
The rich and poor groups were not matched for perceptual acuity, 
the assumption being that the average perceptual acuity of the 
two groups was the same. Since’ the obtained differences were 
large, it is unlikely that the control of these factors would change 
the basic findings, but the introduction of such controls might 
change the absolute differences somewhat. 

Response modification by hunger. Although a fear of hunger 
may serve to motivate many people, hunger as such is probably 
not a vital factor in most of our adult behavior. This would not 
be true, of course, among inmates of concentration camps nor 
among very poor people. However, it can be shown that lack 
of food for even short intervals of time will modify the response 
characteristics of adults. Two experiments which demonstrate this 
have been performed by Sanford (331, 332). The-experiments are 
closely integrated and we shall take the essentials from both for 
our considerations. 

The question which Sanford asked was: “How do food re- 
sponses vary in frequency as time since food was taken increases?” 
To answer this question, Ss were brought to the laboratory at 
various times following a meal and were subjected to certain tests 
designed to elicit food responses. One of these tests was a free 
association test. Selected wards were used as stimuli to which $ 
was instructed to give the first response to the stimulus word 
which occurred to him, i.e., the first response which came to 
his mind. Some of the stimulus words used were: finish, plenty, 
store; hot, knife, serve, and bottle. All of these words, it can be seen, 
might be associated in some manner with eating. If the response 
to a stimulus word was the name of a food or a verb meaning 
to eat, it was counted as a food response. à 

Another method of getting an index of the change in frequency. 
of food response utilized what is called commonly a projective 
technique. Ss were given pictures and asked to tell what the pictures 
suggested to them. If there were variations 1n the number of 
responses clearly indicating concern over food, and if these varia- 
‘tions. were related to the time interval following the last meal, 
influence of the basic motivational state of hunger would probably 


be indicated. 
Although other measures of the frequency of food responses 
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responses, 


Mean Number Food Responses 


2 4.6 8 10 12 14 16 18 20 22 24 
Time (hr.) Following Last Meal 


Fic. 25. Relationship between the number of food responses and time clapsing 
since last meal. Data from Sanford (332), 


A somewhat similar experiment 
Chein, and Murphy (214). Hs sho 
(non-colored) cards and 


eating increased, However, beyond 6 hours for the 
Pictures, and beyond 3 ho 
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Perceptual differences brought about by different motiva- 
tions induced by hypnosis. Next to extra-sensory perception, 
probably no other psychological phenomenon has caused so much 
furor as has hypnosis. Whereas extra-sensory perception is of 
dubious authenticity, hypnosis is universally recognized as a genuine 
phenomenon, differing from the normal waking state. Descrip- 
tively, hypnosis is a state of heightened suggestibility, although 
the basic mechanisms which allow an individual to be placed in 
an hypnotic state are unknown. Hypnotic states are of all degrees 
of intensity, from extremely light hypnosis differing but little 
from normal consciousness, to deep hypnosis in which S$ is literally 
a tool for Æ. Because of the sensationalism attached to the phe- 
nomenon, because of misunderstandings concerning it, and be- 
cause it has been employed by unscrupulous individuals, it is 
still looked upon with disfavor on many college campuses, The 
major use of hypnosis at present is in the psychotherapeutic treat- 
ment and diagnosis of maladjusted individuals. If care is taken, 
however, there is no reason why hypnosis may not be used as a 
‘laboratory technique. We shall evaluate one experiment in hyp- 
nosis as an exercise which will strengthen your critical attitude 
of experimental procedure. See if you can detect the flaw in the 
experiment to follow before it is pointed out. 

The technique used consisted of inducing different motiva- 
tional states in deeply hypnotized Ss, and determining the differ- 
ences in responses which resulted in a standard situation. In this 
experiment only 3 Ss were used. Each S, while hypnotized, was 
“given”: in succession first a happy motivational state, then a 
critical motivational state, and finally, an anxious motivational 
state. While each S was under each of these three different states, 
a series of six pictures was shown him and he was asked to de- 
scribe or interpret what he saw in each picture. Es were primarily 
concerned with the different interpretations which emerged as a 
function of the different motivational states. By proper suggestion 
under hypnosis the memory of the previous description for a 
given picture under one state can be removed so that when S 
describes the same picture under a different motivational state, 
it appears to be an entirely new picture. You may find it inter- 
esting to ponder this fact with regard to the balancing of practice 


effects. 
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It will be of value to indicate the instructions used in inducing 
the three motivational states: 


nappy. Now you are feeling very happy and you are in a cheerful and 
joyous mood. You feel as if everything is rosy and you are very optimistic. 
You have a comfortable feeling of well-being; nothing is worrying you. 
You feel perfectly at peace with pelo and everyone. You are in a 

cheerful, and optimistic mood. 

ea Now you are very critical; you are quick to find fault and to 
condemn unfavorably. Your judgment of others is very harsh and severe, 
You see failings and faults very clearly. You are very critical and fault- 
finding. 

anxious. Now you are quite anxious. You are disturbed over some 


possible misfortunes, You are disquicted and concerned as to something in 
the future. You are a little fearful and mildly alarmed. You have a feeling 
as if you were expectin 


g something disagreeable to happen, yet were not 
sure it would. You are quite anxious (213, p. 518). 


E recorded everything S said when describing the pictures, 
The core of these remarks has been reproduced in the report. The 
remarkable: differences in the interpretation given the pictures 
under the different motivational states can only be demonstrated 
by reproducing some of the remarks. Let us take one picture and 
quote the remarks made by all 3 Ss under three different motiva- 


tional states. This picture 


depicted 4 college'men on a sun: 


ny lawn. 
These men were typing, reading, and listening to the radio. The 
following interpretations were given: 
State Subject A Subject B Subject C 
HAPPY “Before the war. “Complete relaxa- “‘Sunbathers, radio, 
Boys lying on cam- tion. Not much to books, studying and 
pus listening , to do—just sit, listen, typing in the sun- 
radio and reading, and relax. Not shine. It must be a 
Not getting much much at all to think very warm and rest- 
done but having a about,” ful place.” 
good time. That’s 
fun though,” 
CRITICAL ‘Typical college 


campus. Everybody 
loafing. Typing a 
letter he doesn’t 
need to type. Slack- 
ing on their work,” 


“Someone ruining a 
good pair of pressed 
pants lying down 
like that. They’re 
unsuccessfully try- 
ing to study,” . 


“Somebody trying 
to get tan, wasting 
time. Not comfort- 
able. Tie coming un- 
done, sole of shoe 
worn out. Messy. 
Leaves unraked.”” 
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State Subject A Subject B Subject C 
anxious “Boys relaxing on “They're listening ‘Lot of men. Peace- 


college campus. By 
now they may be 
overseas or wound- 
ed or dead. They 
never know whether 


to a football game 
or world series. Pro- 
bably a tight game. 
One guy looks as 
if his side wasn’t 


ful enough. I. won- 
der if they want to 
come back, and 
what’s going on in 
their minds. Are 


they fighting now?” 
(213, pp. 519-521), 


they’1ll come winning.” 


through alive.” 


Further, an attempt was made to see how much the induced 
states influenced the thoughts or perceptions of the Ss as inferred 
from the remarks. Each remark made by Ss for every one of the 
six pictures was typed on a separate slip of paper and given to 
three judges who were requested to decide whether the remarks 
indicated a happy, critical, or anxious mood. In the case of the 
remarks produced under the happy states and the critical states, 
the judges were in high agreement; that is, remarks produced 
during these states were placed in the proper category by the 
judges. Concerning the anxious state, however, the results were 
much less clear-cut. The judges sometimes thought the remarks 

| obtained under this induced state were critical and sometimes 
| thought them happy. This is apparent even in the protocols re- 
produced above. ` 
| The results obtained tend to support the importance of motiva- 
tional differences as a factor producing differences ‘in perception. 
Indeed, as the authors point out, in several instances the descrip- 
tion given one picture in one state would not be recognized as 
applying to the same picture for which a description was given 
in another state. It seems that Ss see different things, although the 
environment remains the same. 

Can we accept the conclusion indicated? Doesn’t the experiment 
possibly contain a false inference with regard to the influence of 
hypnosis in producing the differences? It would appear that a 
worthwhile control to this experiment would have been to have 
Ss not hypnotized describe the pictures following the same in- 
structions given to the hypnotized Ss. It is barely Possible that 
non-hypnotized Ss would have described these pictures in as 
diverse ways as did the hypnotized Ss. To accept the results as 
indicated we have to assume that normal Ss would have behaved 
differently. Such assumptions should not have to be made. 


. 


10 
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ummary. We have considered experiments which suggest the 
mae of nia motives in determining the direction of the 
discriminal processes. This is a relatively new area of research 
and the data are far from being conclusive for discriminal processes 
as a whole. Enough has been done, however, to make two points 
highly probable: (1) motivation influences what for some time has 
been thought to be relatively invariable response patterns; and 
(2) the dimensions which describe a physical stimulus are far from 
being the only variables which enter into a psychological situation 
in which S is asked to make judgments concerning that stimulus. 
Physical dimensions may be used to describe the stimulus as such, 
and variations in those dimensions will usually bring about a 
variation in response. However, in addition, we have the ac- 
cumulated past experience of S with the stimulus, plus the motiva- 


tion at a given moment, which together may in some cases alter 
the discriminations drastically. 


ILLUSTRATIVE STUDIES SHOWING THE INFLUENCE 
OF UNANALYZED BIASES ON THE DISCRIMINAL 
PROCESSES 


In reviewing most of the studies in this section we are likely 
to speculate concerning the origin of the biases which will be 
shown to influence the discriminal processes. Usually the propdsed 
hypothesis will point to learning as the basic determinant. Yet, the 
complexity of these biases, and the lack of control of the learning 
in the laboratory, make the attempt to trace the source rather like 
a guessing game. 

Biased judgments as a consequence of wearing glasses. 
Many people hold a fairly firm belief that they can judge quite 
accurately the pe 


rsonality traits of an individua 
at the person or perha 


number of judgments 


which have little if 
g a reliable or valid judgment. 
r ; “What differences in judgment of the per- 
sonality traits of a person might arise as a consequence of his 
wearing or not wearing glasses?” To answer the question, Thornton 


Thornton asked: 


—“_---~—-~—~s=~—~-—~s— 


a 
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set up two conditions: In the first, Ss wore glasses and were 
judged on several traits by a group of students; in the second, 
the same Ss did not wear glasses and were judged for the same 
traits by students. By this procedure each S became his own con- 
trol so that the results of the judgments when he wore glasses could 
be compared directly with the results of the judgments when he 
did not wear them. Such a procedure requires, however, that the 
same person not appear before the judges both with and without 
glasses, since the judges would undoubtedly remember the in- 
dividual as having appeared before. To get around this difficulty 
Thornton divided the two classes of elementary psychology 
students (who served as judges) into two sub-groups. S then 
appeared before one sub-group wearing glasses and before an- 
other not wearing them. The same procedure was repeated for 
the second class. Eleven Ss were brought before the two sub- 
groups of the first class and 10 of these Ss appeared before the 
two sub-groups of the second class. Schematically the conditions 


appear as follows: 


CLASS A CLASS B 
Sub-group I Sub-group II Sub-group III Sub-group IV 
55s With Without 5 Ss With Without 
6Ss Without With 5 Ss Without With 


The with indicates that S wore glasses; without means S appeared 
without glasses. 

In making his appearance before the groups of judges (37 in 
Class A and 2g in Class B), S came into the classroom and sat in 
a chair for approximately 2 minutes. The glasses which were worn 
ate conditions were rimless and made of plain 
clear glass. The Ss were graduate students and were unknown to 
the group of judges. The judges were told nothing of the purpose 
of the experiment other than it was designed to determine how 
accurately people can judge traits by visual cues. The judges made- 

onality traits including kindliness, intelli- 


estimates of several pers 

gence, industriousness, honesty, dependability, and sense of humor. The 
judges recorded their estimates on a 10-point rating scale on 
which zero meant “completely lacking in the trait”; 5 meant 
having an “‘average amount,” and 10, having the “greatest possible 


degree.” The rating scales were treated arithmetically and 


under the appropri 
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significance of the differences in the ratings was found in terms 
of dl the differences in the mean ratings obtained. 


ments. Indeed, we adul 
odds with the real make-up of the wo 
arise? By learning, Probably, but in 
fostering that learning are obscure: We may 


University, 
judgments, 
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Marks had a group of students rate all other students in a class 
on several different factors. An 8-point scale was used with only 
the extremes of the dimension labelled for each factor. Six char- 
acteristics were rated, these being energy, personal charm, intelli- 
gence, stoutness, skin color, and how well they knew the person they 
were rating. By the rating method used, each person rated every 
other person on all traits, and each person was rated by every other 
person on all traits. 

Before examining the data on the judgments of skin color as a 
function of the individual’s own color, we need to examine a 
methodological problem which arose in this study. In order to get 
a measure of the deviation of the judgment of skin color from the 
true color we would have to have some measure of that true skin 
color. One measure which suggests itself is that of the average 
skin color assigned a given S by all other Ss. Such an assumption 
would presume that personal biases would influence the judgments 
in such a way that these judgments would be equally distributed 
both above and below the true color, hence, would cancel. Marks 
made a check on this assumption by using a technique similar 
to the method of average error. The skin color of the inner sur- 
face of the upper arm was matched with a color wheel in which 
various components of red, black, yellow, and white could be 
fused. A color wheel is simply a rapidly rotating disk. If various 
colors are put on the wheel these colors will fuse when the disk 
rotates at high speed. The given objective measure for the match- 
ing of the skin color was the per cent of black paper which was 
necessary to'make the match, with the amount of red, yellow, and 
white held constant. The more black paper required, the darker 
the skin. This percentage value was then correlated with the mean 
ratings of skin color and found to be .89, indicating a high degree 
of agreement between the two measurements. Marks concludes 
that he can use the average ratings as a satisfactory index of true 
skin color. 

Our major interest concerns the ratings given other Negroes by 
a rater of a given skin color. The data show that a darker judge 
will rate another S lighter in color than will a light judge. That is, 
given a person of, say, average darkness, a very dark judge will 
assign this person a rating which is considerably lighter than that 
assigned by a very light judge. It appears that the reference point 
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around which the judgments of skin color revolve is the rater’s 
conception of his own color. S is seen as lighter or darker than the 
rater. Relatively, then, the position of a person on the scale will 
be the same for all raters, though the absolute ratings will vary 
a great deal. In effect, each Negro has his own anchoring point 
(his own color) which determines his judgments of lightness and 
darkness in others. It may be pointed out, incidentally, that the 
preferred color among Marks’ Ss was neither a ver 
nor a very dark color, but a 
scale toward the light end. 


One other finding of Marks is of some interest. Correlations 
between average skin color ratings and personal charm were 
signifieantly high but negative. The correlations ranged from —.47 
to —.82 for four different groups. The darker the skin the lower 
the rating for personal charm. There may be associated physical 
traits or unknown attitudes which cause the relationship, or the 
two may not be causally related at all. It may simply represent 
a halo effect in the ratings if the lighter skin color is preferred, 


though this is not likely, since, as we have seen, there is not a direct 
relationship between 


Marks’ 


y light color 
color slightly past the middle of the 


of different kinds in both white and colored people. 
Weight a would be an interesting char- 


We do, it appears, have an anchori 
that we have an anchoring effe 
stimuli as discussed in the previo 
esting experimental procedure t 


shall consider subsequently have 

attempted this in some areas, 
A change in food preference by social example. We have 
previously considered an experiment in which food likes and dislikes 
were changed by a clear-cut learning situation, The present study 


——_~ 
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is concerned with change of food preferences through the social 
example of a respected leader. This study also gives rare data in 
that the stability of the changes has been studied. 

The study was performed by Marinho (246) and was carried 
out with 4- to 6-year-old Brazilian children in the kindergarten 
of the Institute of Education at Rio de Janeiro. The initial prob- 
lem was to determine the already existing food preferences of the 
children. The food, fruit pastes of different flavors, could be cut 
in pieces of exactly the same size (no mention is made of the color). 
The method of determining the favored and less-favored pastes 
was by paired comparisons, the various pairings taking place over 
a period of several days. From these initial measurements two 
experimental groups were segregated: (1) a group of 22 Ss who 
had a strong preference for one of the foods used; and (2) a group 
of 7 Ss who showed no preference for the foods. This latter group 
did not demonstrate even a temporary preference for one food 
over another. 

In addition to the two experimental groups, two control groups 
were formed. Each S in the control group was matched with one 
in an experimental group on the basis of initial preference. Dur- 
ing the experiment the control groups were subjected to no specific 
training of any kind; rather, they simply continued to choose 
between foods as they had done previously. Changes in food 
preferences by the control group showed how much modification 
could be attributed to normal living and eating conditions and 
to the continued choosing of foods. The difference between these 
changes and the changes shown by experimental groups gave an 
index of the influence of the experimental variable. 


The training procedure was one of exposing a given Stoa 
choice situation which was identical with the one he had just seen 
another child, a leader, experience. The leaders used had been 
picked by E after several weeks of observing the social relation- 
ships among the children on the playground. The several leaders 
selected were taken into E’s confidence. Before the leader and S 
came into the experimental room, E£ instructed the leader con- 
cerning which food he should choose. 

The instructed leader and S came into the room where E was 
already sitting. Æ introduced the choice situation by means of a 
story with which the children were familiar. A Big Mouse (the 


142 EXPERIMENTAL PSYCHOLOGY 


i their way to the Cat’s 
der) and a Little Mouse (the S) were on way ae 
ee they reached the house the Cat didn t “happen” to 
be at home, so the two mice decided to eat the food in the Cat’s 
house. The Big Mouse took a piece of food (we will call it Food 


instructed to take Food B, i.e., the non-preferred food as far as S 
experimental group whose 


members had no preference for either Food A or B, the leader was 
plate.” This other plate contained two Pieces of fo 


the trial was over for that day. 
If this “Big Mouse-Little Mouse” 


hence gave a push to the 
among the Ss. 
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increased in preference value. Some small changes were noted in 
the control group although these may well be within the range 
of the error of measurement. The change in the control group 
should be subtracted from the change in the experimental group 
to get the best estimate of the absolute amount of change which 
occurred as a result of the experimental manipulation. 


TABLE 12 
INFLUENCE OF LEADER PRESTIGE ON MODIFICATION OF TASTE PREFERENCES 


Choice Before Training | Choice During Training 


Group % A % B %A % B 
Experimental I 87.3 12.7 58.6 41.4 
Control I 89.6 10.4 84.6 15.4 
Experimental II 52.9 47.1 11.4 88.6 
Control II 51.4 48.6 42.9 57.1 


Data from Marinho (246). 


The lower half of the table shows that when no preference 
existed at the beginning, a preference could be rather firmly 
established. Food B, having been selected by the leader, was 
selected nearly 88 per cent of the time by Ss in Experimental 
Group II. Again, the control group shows a small change in the 
same direction. All in all, these data point to the fact that the 
leader’s behavior was a powerful factor in the choices made by 
S. Concerning’ the amount of change which took place in the 
two experimental groups, it would appear that it is easier to 
establish a new preference by this method than to break down 
an old preference and at the same time establish a new one. 

The preferences of the children for the food were tested at 
various intervals for a period of a year. In the case of the food 
preferences set up in Group II (in which there was no preference 
for A over B at the start of the experiment), it was found that 
the preferences endured time after time even though the leader 
was no longer present. In the case of Group I this was not true, 
for with the passage of time there was a regression to their previous 
proportions of likes and dislikes. Only 17 per cent of the Ss showed 
indications of enduring preferences for the foods. 
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This experiment demonstrates that a bias in one’s preferences 
may be introduced by prestige suggestion; to be more specific, 
the food choices among leaders will determine to a certain extent 
the food preferences of followers in children’s groups. The process 
might be thought of as imitation or suggestion. Neither term 
explains the facts but probably indicates that a complex form of 
social learning is taking place, a fact which we have suggested 
by the continual use of the term training. i : 

Summary. In this section we have considered experiments in 
which the discriminal responses are clearly influenced by experi- 
mental conditions but in which the basic mechanism or mecha- 
nisms which bring about that response modification is obscure. In 
most cases it would appear that previo 
factor, but because it is very difficult t 
conditions, we have preferred for the ti 


> in this section, experiments 


nsory discriminations. As we 
indicated before, biases which operate in those situations are called 


constant errors and in many cases special names, 
error, time error, and so forth, have b 
these errors may or may not be kno 
experiments reviewed in this sectio 
in a constant direction, 


with simple se 


DESIGN METHODS I AND II: DIFFERE; 
EACH CONDITION 
evaluate certain 
iscussed in re 
In this section we shall give the back 


NT GROUPS FOR 


We need to 
inadequately d 
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have thus been derived from a single S, or at best, a few Ss. In most 
of the experiments to-be reported in the remainder of the book, 
the estimated effect of a given condition is obtained by taking a 
single measurement on each of many Ss. The mean performance 
of the group is taken as the best estimate of the influence of the 
condition, Performance under at least one other condition is 
obtained in a like fashion and the statistical difference between 
the means evaluated for the probability of significance. 

The use of single measurements on many Ss creates several 
important methodological problems, some of which we will con- 
sider in detail at this point. To simplify the exposition, let us 
assume that we wish to find the differences in performance pro- 
duced by two conditions, A and B. There are two general ways 
of approaching the problem: (1) by using a different group of Ss 
for each condition; or (2) by using all Ss under both conditions. 
At this point we shall consider the two specific methods under 
the first general approach, i.e., cases in which a different group 
of Ss is used in each condition. In a later chapter (X) we shall 
consider specific methods of the second general procedure. 

When a different group of Ss is used for each condition we may 
employ one of two general design schemes: 


Design Method I: Random Groups 
Design Method IT: Matched Groups 


Design Method I: random groups. By this method two sepa- 
rate samples of the population are taken, one group or sample 
serving under Condition A, the other under Condition B. (If there 
are more than two conditions additional samples will be formed, 
of course.) Each group is formed by drawing randomly from a 
single, defined population. Ideally, to accomplish this, we put the 
names of all members of the population into a big bowl, stir them, 
and draw out, say, 100 names of Ss to work under Condition A, 
and 100 for Condition B. Usually such a procedure is quite 1m- 
practical. In practice we would by some means get 200 Ss from a 
defined population bya method that at least approximates random 
selection. The 200 Ss would then be divided into two groups on 
a-random basis. For example, the first S appearing at the laboratory 
would be put in the A groups the second in the B group, the third 


in A, and so on. 
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: The basic assumption of Design Method I is that random assignment 
of Ss to groups will result in groups which do not differ significantly on 
any variable effecting the measured response. E runs one group under 
Condition A, the other under Condition B. If a significant 
difference between the mean performance of the tw 
found the difference is said to be produced by di 
the A and B conditions. If no sj 
concludes that the two condition 
the response. 


© groups is 
fferences in 
gnificant difference is found, E 
s do not differentially influence 


No telling argument can be advanced against Design Method I 
if the method of assigning Ss to groups is truly random, and if 
the groups are larg 


e. Many experiments have been performed 
using this design. Yet, on the logic that other methods do not rest 


on the basic assumption of Design Method I, this method is not 
recommended if it is possible to use another. If we get a significant 
difference between 


the means when using Design Method I there 

is always the haunting possibility that this difference could be 
due to differences in the groups as such and not to differences 
produced by the experimental conditions. With large groups of 
Ss and truly random selection, the risks of the method are slight, 
but when small groups are formed the risks are too great to 
warrant its use. There are studies reported in which groups were 
formed by random selection and then when both groups were 
measured on the same task significant differences in performance 
often divided his class into groups by 

random selection of differently colored capsules which Ss drew 
from a box. Occasionally this procedure has resulted in groups 
which differed in performance on the same task. Noonecan deny 
that we should get equivalent groups if our selection is random, 


and yet in actually forming small groups it does not always work 
out that way, 


] a variables, we know that 
this method assures equality by matching them on a pertinent 
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performance. There are two ways by which the matching can be 
accomplished. 

1. Matched on basis of means and variability. E gives all Ss practice 
on a given task and on the basis of these scores forms two groups 
so that the mean performance, and variability of performance of 
the two groups do not differ significantly. 

2. Matched pairs. E gives all Ss practice on a given task and on 
the basis of these scores pairs Ss so that the score of one member 
of each pair is the same, or very nearly the same, as the other 
member of the pair. One S of each pair is put into one group to 
serve under one condition, the other S into another group to serve 
under a different condition. If more than two conditions are to 
be run, more than two Ss will be matched at a time. 

Either of the two methods of forming matched groups is satis- 
factory. To determine significance of difference between means, 
somewhat different statistical methods are used in each case for 
estimating the standard error of the mean difference. The first 
method (matching on means and variability) requires the calcula- 
tion of a coefficient of correlation between performance on the 
matching task and the task used in the experiment. Since the 
calculation of a coefficient of correlation is somewhat laborious, 
and since the second method does not require it, the second method 
is preferred. 

We need next to consider the nature of the pre-test by which 
we match the groups using either method. We have two kinds of 
pre-tests which have been used as matching tasks. ; 

1. Different but highly correlated tasks. If we have a task, on which 
the performance scores are highly correlated with scores on the 
task to be used in the experiment, it may be used as a source for 
matching data. The essential requirement is that the two tasks be highly 
correlated. 

Often, the beginning experimentalist will attempt to match 
groups on everything under the sun, including hair color and 
fraternity affiliation. Intelligence tests have probably been much 
overworked as criteria for matching without due consideration 
to the possible low correlation between these tests scores and scores 
on the experimental task. All we need is to be sure that the task 
from which we derive scores for matching is highly correlated 
with the task to be used in the experiment; the precision of 
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matching is directly related to the size of this correlation. No assumption 
concerning a correlation between two tasks should be made. One 
cannot observe the skills required to. master the two tasks and 
because the skills required seem to be the same, assume that they 
are correlated. Too often an empirical determination of the 
correlation will show the relationship to be low. If the correlation 
between performance on the pre-test and performance on the 
experimental test is low, we are no better off than if we had 
selected random groups. 3 
2. Initial performance.on experimental task. It is often convenient 
‘and feasible to give all Ss a few trials, or a short period of practice 
on the task to be used in the experiment. All Ss get this practice 
under exactly the same conditions and then two groups are formed 
on the basis of these scores. Either matching procedure may be 
used. One group is then tested under Condition A, the other 
under Condition B. The correlation between performance on 
initial trials and experimental trials must, of course, be high to 
gain the precision desired. Since the two sets of scor 
formance measures on the same task, the correlation is usually 
quite high. For this reason, this method is more efficient than 
matching on the basis of scores on a different task. 
In certain instances this procedure is used in conjunction with 
Design Method I. Random groups are formed and all groups are 
given initial practice under exactly the same conditions, By the 


E can determine whether or not 
in two groups which do not differ 


es are per- 


equal groups. If such is the case, Ss 
can be shifted to equalize the Top l 


THE INFLUENCE OF GENERAL VARIABLES 149 


THE EFFECT OF LABELLING: AN EXERCISE IN 
EXPERIMENTAL DESIGN 


In concluding this chapter we will evaluate three studies which 
show varying degrees of adherence to scientific procedure as 
defined by Design Methods I and II. As the subject matter we 
shall use studies which have been concerned with the influence of 
labelling on judgmental processes. Several experiments in the 
journals show that labelling a statement or an idea as emanating 
from a person of high repute will influence its acceptance by S. 
We shall consider one study which provides an illustration of a 
fairly decisive violation of scientific procedure; one which causes 
hesitation about accepting the results, and finally one which is 
outstanding for rigor of design. 

Use of the mails and random selection. The first study (52) 
suggests that we should be very cautious concerning the gathering 
of data through the use of the mails. A scale measuring religious 
attitudes was constructed. Initially the scale was mailed to 500 
people of varying faiths. Out of the 500 sent, 213 (less than 50 
per cent) were returned. The scale was sent out again to the 213 
respondents, but three different conditions were imposed, each 
condition being given to approximately a third of the total. The 


conditions were as follows: 


a. Expert opinion labelling: Respondents were 


had marked the attitude scale. 
b. Majority opinion labelling: Respondents were shown how, on the 
average, the 213 people had marked the scale. à yi 
c. Control (no labelling): Merely a re-administration of the scale. 


shown how 20 clergymen 


out on this second run, 92 were 


Out of the 213 scales sent r 
returned, but only 65 were marked so that they could be used in 
the final analysis. The report does not indiçate the exact number 


of cases in each of the three groups, saying only that they were 
about equally represented. We may presume, therefore, that 
there were about 20 cases in each. The results show that the expert 


opinion and the majority opinion conditions brought shifts in 
the attitudes which were greater than the shifts shown in the 
control group. 

It seems clear, however, 
because of the high rate of los 


that such a study is inconclusive 
s of questionnaires. For all we can 


150 EXPERIMENTAL PSYCHOLOGY 


eople who did not return their questionnaires might 
te te is Sa. the olber deere Jat they filled 
out the scale. The fact that certain people did return the scales 
and other people did not indicates the presence of two popula- 
ons which differ on at least one factor, namely, willingness to 
coöperate by returning the questionnaires. These populations may 
well differ in their reactions to the experimental variables, but this 
study provides no way of knowing whether this is true or not. 
Thus, there is no proof that the three groups, totalling 65 people, 
are representative of the original 500, nor that the three groups 
as such are representative of the same population. One cannot 
justifiably make comparisons between groups obtained by such 
methods, No bias as a result of labelling can be said to have been 
demonstrated as a consequence of the procedure used. 

The use of random groups. In this experiment (25) E gave 
four different sections of elementary psychology students two 
passages to read and evaluate. One of these passages might be 
described as very radical in nature, the other strongly democratic. 
Naming the attitude of the passages isn’t important for our purposes 
since almost all the students indicated that the democratic passage 


tepresented their point of view. The four sections of students were 
treated as follows: 


Section 1. Read both passages and indicated which represented their 
point of view. No source for the statement was given the Ss by E. 

Section 2. Same procedure as Section 1, but at the head of the first 
statement this phrase appeared: 


“Statement A is a fascist statement.” 
Before Statement B, this phrase appeared: “Statement B is a Communist 
statement,” 

Section 3- Same as Section 1, 

Section 4. Same Procedure but Statement A was headed by: “State- 
ment A is a Reactionary statement.” Statement B was headed by: “State- 
ment B is a Liberal statement,” 

\ 
- After indicating which passage represented his point of view, 
S was to indicate how -ful 


men ate bare acceptance; 1 would 
indicate somewhat more agreement, 


and so on, so that 5 would 
mèan he fully agreed with the passa 


ge. As indicated previously, 
nearly 100 per cent of all Ss agreed with Statement B despite the 
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derogatory labels which were attached to it in the case of some 
of the sections. Differences arise, however, in the mean ratings 
of agreement in the different sections. The mean scale values of 


the ratings for each group were as follows: 


Section 3: 4.0 


Section 1: 4.0 
Section 4: 4.3 


Section 2: 3.6 
We may note that the two control sections—the non-labelled 
groups, Sections 1 and 3, received identical mean values. The 
difference between the mean ratings of Section 2 (3.6). and Sec- 
tion 4 (4.3) is statistically very significant. This suggests that the 
derogatory label given - Statement B for Section 2, while not 
necessarily prohibiting acceptance of the statement, did decrease 
the average ratings which indicated how much Ss agreed with it. 
On the other hand, the allegedly laudatory label of “liberal” given 
Statement B for Section 4 enhanced the degree with which Ss 


agreed. 
We might conclude.that wh 


change the basic opinions of 


ile labelling in this instance does not 
the Ss, it does decrease or increase 
the intensity of the opinion. Now, this is very likely the case, 
but can we, from this experiment, really conclude that? Do we 
know that the basic political “mean” and “variability” of Sec- 
tions 2 and 4 were the same at the start? The answer, of course, 

f Sections 1 and 3 does not thereby 


is no. The obvious equality © i here 
indicate that Sections 2 and 4 were equivalent at the beginning. 
Both groups had a relatively large number of Ss in them, 73 and 


60 . respectively, and the groups were presumed to have been 
formed by random selection (Design Method 1). However, it is 
noted that the standard deviation of the distribution of ratings 
for Section 4 is .68 whereas that for Section 2 is 1.3. Is this dif- 
ference in scatter and the difference in the means a function of 
the experimental variable, i.e., the differences in labelling, or are 
they characteristics of the groups as such at the beginning? There 
is no way of telling from the data. We cannot, then, be com- 
pletely sure that the difference obtained is a function of the variable 
introduced or of the groups before the introduction of the variable. 
We are likely to accept the first alternative, but if we are rigorous 
in our thinking, we will deny that we have clear-cut evidence for 


such a conclusion. 
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What was needed in the experiment above was some way of 
getting an indication of political beliefs before the experiment 
began. The ascertained amount of change (if any) would be 
demonstrated to be the result of the experimental procedure, It 
may not be an easy job to apply this experimental principle in 
some cases, but it is absolutely necessary if the claimed results 
are to be accepted without reservations, 


Contrast the two above studies with the one to follow as regards 
the, rigorousness of controls, 


es may be swayed. 
) will indicate the 


Initially, Smith collected 100 statem 
them supposedly favorable toward Russia, 
able. Through a series of filterings 26 items were finally retained, 

Russian according to the opinions of 
is final set of statements was believed 
ermit college students to accept them 
as little if any reason to believe that 
the statements were “fictitious facts.” 


item to be true at all”; 


I point was given if S 
“I wonder whether 


it could be true”; 2 
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points were given if S checked, “I believe it to be partly true; 
there may be something in it,” and 3 points were given if $ checked, 
“I believe the item to be true.” S, of course, checked only one of 
the four alternatives for each statement. 

In addition to checking the statements, S filled out an attitude 
scale which gave an index of his attitude toward Soviet Russia. 
This -scale had been constructed previously, it had been stand- 
ardized, and in an indirect fashion, validated (337, 358). Smith 
was thus able to equate his groups on the basis of their attitudes 
toward Russia, the most pertinent variable on which they could 
be equated for studying the influence of labelling on the state- 
ments about Russia. From the results of the attitude scale, three 
different attitude groups were picked, those pro-Russian, those 
neutral, and those anti-Russian. Each group had go Ss, 30 having 
been given the rumor-labelled form, go the fact-labelled, and go 
the no-label form. The summary of the nine groups, 30 to a group, 
is as follows: 


Attitude Fact Label No Label Rumor Label 
Pro-Russian 30 30 30 
Neutral 30 30 30 
Anti-Russian 30 30 30 


This design, in effect, yields two experimental variables: (1) the 
individual’s attitude toward Russia; and (2) the type of label on 
the 26 factual statements about Russia. Each of these dimensions 
is sampled at 3 points. Z’s basic working rule is that he should 
control all variables except one, and that one he varies. In terms 
of this rule, Smith has done three experiments, not individually, 
but at one time. The three experiments, each exploring a single 
dimension, are represented by any row or column, Thus, one 
experiment holds attitude constant, say, pro-Russian, and varies 
the labelling in three ways, and so forth. 

Smith scored the anti-Soviet statements and the pro-Soviet 
statements separately so that the maximum score for S on the 
total of 13 statements, in each section would be 39. If for each 
statement S checked the phrase, “I believe the item to be true,” 
he would get 3 times 13 or a score of 39. The mean scores for the 
go Ss in each of the nine groups for the anti- and pro-Russian 
statements are shown in Table 13. The separate scoring of the 
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anti- and pro- statements actually makes a third variable in the 
experiment, but with only two points of the dimension sampled. 


TABLE 13 


Errect OF LABELLING ON ACCEPTANCE OF STATEMENTS ABOUT SOVIET 
Russia 


Fact Label No Label 


Rumor Label 


Attitude Pro Anti Pro Pro Anti 
Pro-Soviet 26.23 17.13 20.17 9.50 
Neutral. 21.60 18.47 15.77 13.00 
Anti-Soviet 16.60 | 21.13 13.97 15.57 


Data from Smith (359). 


From the table we can see that, in all cases, S is more credulous 
towards the statements labelled factual. There are no reversals 
to this tendency. Differences in acceptance or rejectance of the 
statements are also evident as a function of S’s attitude toward 
Russia. The more favorable the attitude toward Russia the more 
likely S is to indicate belief in the statements which are favorable 
toward Russia and the less likely he is to indicate belief in the 
statements which are anti-Russian. Again, there are no exceptions 
to these trends. This experiment should be studied carefully, 
since it is an exceptionally fine illustration of careful dimensional 


analysis. And, the results show once again that conditions bias 


our responses, even though the experiment shows nothing about 
the origin of the biases. 


CONCLUDING CONSIDERATIONS 


In this chapter we have examined experiments which demon- 
strated how (1 


rated ) learning may influence simple and complex 
discriminal Processes; (2) motivation may influence these same 
Processes, and (3) other unanalyzed biases produce deviations 
in the discrimi 


been the purpose of this chapter to make you aware of the fact 
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that a mere correlation of the physical stimulus dimension with 
the response dimension does not provide a complete picture of 
the causal factors in behavior. Even with the most simple sensory 
processes, subtle internal variables may be influential. 

Our discussion of methodological problems in this chapter has 
centered around two basic Design Methods, I and II. These are 
two of the four basic methods which may be used in designing 
experiments. We shall have many occasions to refer to these 
methods by number, so the basic idea of each should be thoroughly 
assimilated. 


CHAPTER VI 
Motivation 


a a 


INTRODUCTION 
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is necessary for learning to take place, we have a problem in 
determining how the motivation arose which allowed the acqui- 
sition of a motive to powder the nose. This really isn’t double 
talk. The two processes, motivation and learning, turn upon each 
other; they are dependent upon each other if the organism is to 
maintain itself in the environment. We are going to separate the 


two for study purposes only. 


DEFINITIONAL PROBLEMS 


Motivation as a construct. The term motivation (or motive) is 
a logical scientific construct.* By this we mean that in its ordinary 
sense it is not an entity, object, or thing such as a living cell, an 
eye, or a piece of coal. It has no immediate sensory referent. It 
is an hypothetical process or state of the organism, the operation 
of which we infer from observations of the behavior of the 
organism. Threshold is a construct, though in our previous usage 
of the term we did not indicate specifically that it was. Motiva- 
tion is a concept like threshold, like gravity, or like intelligence. You 
have never seen a threshold. Nor have you ever seen any gravity 
or intelligence. The term intelligence is used to refer to a certain 
dimension of behavior manifested in different amounts by different 
people as measured by the number of items which are correctly 
answered on a test called an intelligence test. In the same manner, 
we manipulate a certain class of experimental (stimulus) variables, 
observe a difference in the responses as a consequence, and infer 
that we have produced changes in what is called the motivation 
of the organism. We must, of course, specify the nature of the 
responses we are to observe as well as the characteristics of the 
class of stimulus variables which are manipulated. When this is 
done we have anchored our construct to both the stimulus and 
response variables. à Ae 

Response dimensions related to changes in motivation, 
We have said that to use motivation as a scientific concept we must 
specify the nature of the response changes which are associated 
with motivational changes. We have two response dimensions 
from which we infer changes in motivation: (1) changes in per- 
formance; and (2) changes in muscular tension or energy output, 


è For our purposes, concept and construct may be used interchangeably. 
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The most common behavior from which we infer pi T 
motivation is a change in performance on standardized tas 4 
learning speed is increased we may suspect the motivation b 
increased; if work output goes up we may suspect that motivation 
has increased; if output goes down, or if learning is retarded, we 
may suspect that there has been a decrease in motivation. Note 
that we may suspect that these response changes are a function 
of motivation. Change in performance is an unreliable criterion for 
inferring changes in motivation, because we may observe changes 
in performance which are due to stimulus variables not in the 
class of motivational variables. For example, distributed practice 
(allowing rest periods) will usually enhance the speed of learning 
(change in performance), but little credence is given the idea 
that this is exclusively a function of change in motivation. In 
short, whether or not change in performance is to signify a change in 
motivation depends upon the particular class of stimulus variables being 
manipulated. The latter part of this chapter will be devoted to out- 
lining these variables which are believed to be associated with 
changes in motivation. 

The most meaningful response change from which we infer 
motivation is the amount of energy output or muscular tension 
exhibited by the organism. This index of change in motivation 
is used less frequently than the first, largely because of difficulties 
attending its quantification. Yet, change in activity level is the 
basic observation associated with motivational changes. The 
strongly motivated individual is muscularly active or at least 
muscularly tense; the weakly motivated individual shows signs 
of ennui, boredom, laziness, or lethargy. When you make an 
observation that an individual is highly motivated, you usually 
do it on the basis of the activity level of that individual. 

Within certain limits, the two response changes indicating 
changes in motivation are correlated, but there is not a one to 
one relationship. If these .two measures were perfectly .correlated 
there would be no need for using both. We would work with the 
one which was least difficult to use in the experimental situation. 


The fact that they are not perfectly correlated raises some rather 
difficult problems. How ca: 


n both performance change and energy 
change be used as measures of the same process when they 
are not perfectly correlated? Let us take an illustration. If we 


— 
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announce to an assembly worker that we will give a bonus for 
every unit produced beyond a certain fixed quantity, and if 
his production increases following the announcement, we assume 
that there has been an increase in motivation. We may, at the 
same time, get indices of increased energy being expended as 
the production goes up. But, suppose there is an increase in 
energy output and not a corresponding increase in performance? 
Or, suppose there is an actual inhibition (decrement) of per- 
formance accompanying the increased energy output? Are we 
to say that motivation has increased in spite of the fact that 
performance decreased? We would have, in such instances, two 
independent measures of motivation which are not perfectly cor- 
related. Which one is the measure of motivation? Neither, of 
course. We cannot speak of the measure of motivation when two 
measures have been used which are not perfectly correlated in the 
experimental situation. 

It is our belief that we should reserve the term motivation for 
changes in energy output. There are two reasons for this: (1) it 
would give a clear-cut differentiation between changes in per- 
formance due to variables associated with learning and those 
associated with motivation; and (2) there would be less confusion 
than is the case when two poorly correlated response measures 


are used to infer the same process. However, it is impractical at 
n for inferring motivation. Many 


present to adopt such a criterio 
onal changes which are available 


of the data pertaining to motivati 
are based on performance changes. Furthermore, there are many 


situations in which it is almost impossible to measure the changes 
in energy level. For the present, then, we cannot use energy 
changes as the sole index of motivation: we must also use the 
changes in performance and at the same time recognize that the 
two are not perfectly correlated. 

Why use the term ? If you examine the above situation, you 
might infer that it would not change the nature of the empirical 
facts obtained by experimentation if we completely eliminated 
the term motivation. For example, when we discover by sound 
experimental procedure that output goes up as a bonus is given, 
that stands as a scientific relationship. Why go any further? Why 
say that increased output indicates increased motivation? The 
reason for the use of the term is a scientifically practical one. 
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Without such a term we have a mass of unrelated a on mr 
hands. However, if we find that a considerable number of experi 
mental operations will produce a change in performance (or 
energy output), and if it appears that these stimulus changes are 
all affecting the same basic process, then our knowledge is inte- 
grated by the use of a single term for that process. In this case the 
term is motivation. 

Constructs such as this allow for more generalized forms of 
explanation. Explaining observed phenomena on the basis of the 
immediate change in the stimulus variable; is, as we indicated in 
Chapter I, a low level form of explanation. Such a procedure 
does not allow for generalized explanatory concepts. Each fact 
in and of itself would have to be explained by the change in the 
stimulus conditions. When, however, there is believed to be 
communality in the processes produced by those stimulus changes, 
our explanation becomes more generalized by referring to those 
processes with a single term. Without such a generalized concept 
it would be impossible logically to predict behavior in a new 
situation. We could only state that such and such kad happened 
under such and such highly particular circumstances. Fortunately 
the scientists isn’t content with the level of particulars, 
out for the general concept, the inclusive formula, 
when there is a common basis in experimental man: 
stimulus variables, and when these manipulations produce similar 
changes in response, the use of a construct permits explanation at 


a more general level than does reference to each of the operations 
individually. : 


He reaches 
the law. So 
ipulations of 


On the conceptual level we may think of motivation as a state 
which energizes the organism. This state is in turn produced 


and varied by manipulation of environmental conditions by Æ. 
In animal studies we can give, 


tive definition of motivation in 
privation of food, water, mate, 
definitions are not easily formulat 
experiments our definition 
In these instructions we m: 
which S may get, or we ma 
tion in terms of instructio: 
or enticement of reward. 


in most cases, a precise quantita- 
terms of the number of hours of 
and so forth. Such operational 
ed for human Ss. In human adult 
hinges on the instructions we give S. 
ay indicate rewards and punishments 
y try to vary certain aspects of motiva- 
ns alone, without threat of punishment 
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Strictly speaking, we shall have an operational definition of 
motivation for each experiment, but we shall find that most of 
them can be classified under a few general headings. The classes 
of operations used to produce and measure changes in perform- 
ance and changes in energy output must remain our operational 
definition of motivation. 

Terminology troubles. The study of motivation is complicated 
by the multiplicity of terms which have been used by various 
writers in referring to what seems to be the same aspect of be- 
havior. There have been instincts, drives, wants, needs, propen- 
sities, appetites, interests, aversions, desires, values, sets, attitudes, 
valences, forces, and others. All of these terms refer to certain 
facets of motivation. In most cases each author has defined his 
own terms for his own writing (which is proper and necessary), 
but students have had to suffer from a multiplicity of both con- 
cepts and vocabularies. We shall limit the number of concepts as 


much as possible. 


PRIMARY AND DERIVED MOTIVES 

There are eertain primary conditions which 
arouse behavior. Among these are conditions which give rise to 
thirst, hunger, fatigue, sexual needs, and pain avoidance. It is 
these primary motives which are employed almost exclusively in 
the animal laboratory. The strength of these motives may be 
defined in terms of hours of privation in the case of hunger, thirst, 
and sex and in terms of hours without rest, for fatigue. Pain 
avoidance is very difficult to manipulate quantitatively. 

While we recognize similar basic motivating conditions in 
human beings, we have not found it possible, in general, to vary 
them in experiments with human subjects. In laboratory experi- 
ments, the use of electric shock seems to be the only major method 
of arousing primary motives in humans, and there is even some 
question as to whether its influence is a direct result of sheer 
pain. We do not deprive an adult of food for 24 hours and 
then offer a filet mignon if he performs a given task at a certain 


speed, although such a procedure might well be worth trying. 
The fact is that experiments on motivation with human adults 
choose to call derived motives. 


aim at the study of what we 


Primary motives. 
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Derived motives. These motives are so named because ona 
primary motives they are believed to be largely learned. These 
motives have been variously named, have varied greatly in number 
(in part because of different descriptive dimensions used), and 
are still subject to considerable controversy, largely because the 
operations which evoke them are quite obscure. We may point 
out some of the descriptive terms which have been used to identify 


these complex motives; motive to Preserve self-esteem, to gain 


prestige, to dominate others, to be gregarious, to achieve one’s 
deepest ambitions, or, for that matter, the motive to see a ball 
game. There is nothing sacred about any such list. For the present 
we need to emphasize only that there are complex motives which 
rather completely prompt adult behavior, 


DEVELOPMENT OF MOTIVE-INCENTIVE 
RELATIONSHIPS 

In dealing with motivation we 

influence on perform: 

We ask the question: 

ing?” In answering t 


Following Melton (254), we 
which motivation plays in th 


réle, (2) the directing réle, 
réle. 


may recognize three basic réles 
e learning process: (1) the energizing 
and (3) the emphasizing or selecting 


The Energizing Rôle 
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It would appear, then, that increased energy level may be an 
important factor in learning just because of the increased likeli- 
hood that the correct response will be found. We shall not consider 
the relationship between energy level and speed of learning at this 
point; rather, we shall examine the methods which have been used 
to relate changes in energy output to certain changes in the stimulus 
conditions. 

Animals. The procedure for animal studies is straightforward— 
deprive an animal of food or water for varying amounts of time 
and measure the changes in activity. A rotating circular cage 
mounted on an horizontal axle is one device used to measure activity 
level. A counter is attached to the axle so that the number of 
revolutions of the cage can be obtained for any desired unit of 
time. In the cage, as in a treadmill, the animal may run a great 
distance without getting anywhere. 

Another device is the spring or tambour-mounted cage. Tambours 
are air tubes with a mouth covered with rubber sheeting. The 


tubes, joining together from the four legs of the cage, lead to 


sensitive markers. These markers write on a kymograph, a slowly 
rotating drum covered with waxed or smoked paper. The rat 


(or other animal), when active, bounces the cage on the tambours, 
thus changing the air pressure which in turn activates the markers 


which record the animal’s activity. a : ‘ s ; 
Still another mechanism is the tilting cage, in which slight tilts 
of the cage (produced by movements of the animal) activate a 


mechanical or electrical counter (32). , bn 
With such devices it has been shown that in general the activity 


level is related directly to the hours of deprivation of food, water, or 
e conditions usually studied. Concerning 


mate, these being the thre dic 
the sex motive, it has been shown that the activity of a female 
rat is at a maximum every four or five days, (the oestrous cycle), 

ks a mate (398). Concerning 


at which time the rat actively see a i 
tivity of a rat occurs just 


hunger, it is known that the greatest activi s 
least just after eating (311). If a rat is 


before eating and the : : ) 
deprived of food for several days there is an increase in the amount 
of activity up to about g6 hours, after which time a gradual 
reductión (because of weakening) takes place (424). These results 

he point; within limits, as hours of 


are enough to illustrate t y 
deprivation increase the energy output increases, and we say that 
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this reflects an increase in motivation. The amount of activity is, 
of course, influenced by many factors such as age, heredity, 
nutritional balance, and drugs (305). A 
Humans. It is not practical to study human subjects in activity 
cages, though this technique has been used for other purposes in 
the case of newborn infants (180). Instead, we must infer from 
certain findings that the activity level of humans is associated 
with certain deprivations or unsatisfied states. Our inference 
relates instructions to perform to changes in energy output. We do 
not deprive the person of food and measure activity level; rather, 


we instruct him to learn a task and then measure the differençe 


in tension or energy output before learning (comparative rest) and 
during learning. 


The methods that have been used to measure tension differ- 
ences between learning and rest have varied, and cannot be said 
to be highly correlated. Stroud (369) constructed a hand stylus 
so that it would measure air pressure changes produced by the 
grip of the hand. The stylus was a pencil-like cylinder used to 
trace the indented path of a maze. Differences in the pressure 


throughout the stages of learning, or as between one § and another, 
were measured directly, 


Reflex responses, 


response (blinking) has b 
with the suggested relati 
of blinks per unit of time 
are somewhat contradictory concerning this measure. There is 
some indication that heart rate is a possible index of tension (27) 
as is respiration rate also (375), but confirming evidence is 
needed, 

The galvanic skin response, with which we are already familiar, 
has also been used as a mea i 
the resistance of the skin i ersely related to the amount of 
tension, but the possibility that factors other than tension may 
bring about the same change i i 


tension. However, results 
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out. Consequently, we cannot accept without qualification the 
relationship of the resistance of the skin to tension level (78). 

Probably the most satisfactory measure of tension is obtained 
by direct measurements of electrical changes in the muscles, i.e., 
the action potentials which result from contraction of the muscle 
fibers. With the great improvements which have been made in 
amplifying minute electrical changes, this method is probably less 
ambiguous than any of the others. However, it is not as yet 
adaptable to certain tasks where considerable overt movement 
is involved. 

Each of the above is presumed to be an index of activity re- 
flecting different energy levels. Since the correlations between 
the different methods are not perfect, we actually have as many 


energy or tension level as we do methods of 


different measures of 
further 


measurement. These discrepancies may disappear with 
research and standardized recording devices. (More detailed 


accounts of various methods used in measuring tension may be 


found in Davis, 78.) 
With regard to the energy output changes during learning, we 


can make no general statements. Almost all combinations of 
increases and decreases have been found by various investigators, 
using various tasks and various methods of measurements. The 
finding has been high initial tension followed by a 
ing progressed. Without exception, 
uring learning than it is during com- 


parative rest. We infer that these changes indicate a state of 
increased motivation brought on by the attempt to comply with 


the instructions to learn or to perform a given task. 

No E has yet made a serious attempt to dimensionalize tension 
by using judges. It is quite possible that scaling methods would 
result in reliable measurement, and that certain characteristics 
of behavior would be found to vary concomitantly with changes 
in tension as measured by mechanical devices. Most of our per- 
sonal estimates of amount of motivation are inferred from such 


characteristics. Any instructor who has observed his students 
while taking examinations can name several responses which 
seem to increase in frequency and intensity; these responses are 

flexing of the ankle of the crossed 


such characteristics as the : 
leg, finger chewing, and general exaggeration of tics or twitches 


most common 
gradual decrease as learn 
however, tension is greater d 
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hy such 
i another. There seems to be no reason w. J 
ame ee not be quantified by judges rating S as he is put 
n a sequence of experimental conditions. 

ro 


The Directing Rôle 


Incentives. We seldom deal with organisms which are just plain 

otivated, without being motivated toward something. When an 
organism is motivated or energized, its behavior has directive 
aspects. A hungry rat is active until food is found and the sae 
ing behavior is likely to be dérected toward places where foo 
had been found previously. A student, thirsting for knowledge, 
is almost certain to go to the library and not to the fraternity 
house. Because of our past experience, we go to restaurants rather 
than filling stations when we are hungry. The general principle 
seems to be that we tend, when motivated, to make responses 
toward a goal which in the: past has eliminated or reduced the 
strength of the motivational state. Learning has established a 
relationship between the motivating state and the goal-objects 
which reduce that motivational state. Thus, 
or symbolic), or classes of objects or states, are perceived as being 
satisfying to a given motivational condition. Such goal objects 
are called incentives. In studying the influence of motivation on 


performance we must usually include an incentive as part of the 
motivation complex. 


In the case of animals the motive and the incentive are fairly 
clear-cut. A rat is deprived o 


f food for a period of time and 
the food is placed at the end of a maze as an incentive, In the 
case of human Ss the incentives of laboratory experiments are 


as obscure as the motives, What, for example, is the motive- 
incentive relationship when a student volunteers to serve in an 
experiment? All we can say is that the student has agreed to 
coöperate. What is the incentive? What is it that the student 


“gets out of the experiment” which brings about satisfaction in 
the sense that food reduces th 


he has a motive to coéperate, 
incentive. This, however, 


certain objects (real 


We might, of course, ask S what the motive was that prompted 
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him to volunteer for the experiment, and we might ask him what 
provides the source of satisfaction, if the latter is apparent. How- 
ever, clinical psychologists and psychiatrists have taught us to 
be skeptical of the reasons people give us for their behavior, since 
their underlying motives may be unconscious or unreported. 

The facts of the case are that we know very little about the 
motive-incentive relationships in Ss upon whom the overwhelm- 
ing proportion of our data has been collected. This will come out 
more clearly when we start to examine in detail the conditions 
which Es have manipulated in an attempt to vary motivation. In 
most human experiments the directive function is supplied in part 
by the instructions to S along with the past experience of S with 
similar problems. 

Illustrations of incentives considered thus far have all been 
positive in nature. In everyday life, as well as in the laboratory, 
learning is thought to be influenced by the administration of 
ment or negative incentives. It is an “Tf-you-don’t-do-this- 
this” type of situation. Electric shock has been used 


the laboratory as a form of negative incentive. The 
may be 


punis: 
you-will-get- 
most often in 
influence of shock, as well as other negative incentives, 
both directive and energizing in function. 

With human Ss especially, there are many instances in which 
an incentive itself appears to have the power to energize as well 
as direct behavior. Most of our complex psychological motives 
appear to be long-term in nature and are relatively non-cyclical as 
is the case with hunger or thirst. Let us assume that S has a long- 
term motive to make money. He is sitting, relaxed in an arm-chair 
listening to the radio, when a friend enters the room and offers 
him ten dollars if he will write a term paper for him. With the 
exhibition of the ten dollars, Ss behavior changes markedly. He 
is now highly energized or activated to start work. It is as if the 
ntation of the ten dollar incentive “set off” or tapped a 
a motive were “waiting around” for an in- 
he receipt of money has served to satisfy 
tive which we have probably simplified 
by calling it a motive to make money. Therefore the incentive is 
now perceived as being potentially satisfying to the motive which 

t in some sort of latent and long-lasting 


must have been presen ; r 
form. Thus, incentives may not only provide the basis for the 


prese. 
motive; or, it is as if 
centive. It appears that t 
a motive in the past, a mo 


12 
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acquisition of direction to motivated behavior, but may ‘“‘set off” 
ae the evidence for the directive function of motiva- 
tion as it affects learning? We shall consider only animal data at 
this point since the directive function in the case of humans will 
be considered later in the chapter under the special topic of set. 
Experimental demonstration of the directive nature of 
motivation. Animal experimentation is somewhat more difficult 
than it might seem at first. One doesn’t just drop a rat in a maze 
and record the time it takes the rat to reach the food at the end of 
the maze. Many preliminary steps and controls are necessary. We 
shall follow a study through in some detail in order to understand 
some of the problems faced by the animal psychologist. 


Fic. 26. Simple T-maze. This particular floo 
(193). SB indicates starting box; D1, D2, 


r plan was used by Kendler 
G81 and GB2, goal boxes. 


etc., doors; Cr and C2 curtains, and 


An experiment by Kendler (193) was designed to investigate 
the directive function of physiologically motivating stimuli. Rats 
were trained in a simple T-maze as shown in Fig. 26, under two 
motivating conditions, hunger and thirst, each defined by hours 
of deprivation. During training, food was found at one end of the 
T, water at the other. On test trials the rats were made either 
hungry or thirsty, one or the other of the motive conditions having 
been satiated. The question is whether or not the rat, after training 
under both motivating conditions, will go to the appropriate end 
of the T when either hungry or thirsty, e.g., if thirsty, will he 
go to the end where he has previously found water? 

Preliminary training of naive rats usually involves two steps. 
First, the rats must become adjusted to being handled. Kendler 
did this by handling each of his 20 rats for several minutes each 


day for a week. The second step involves adjustment to the 
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apparatus. In this experiment, two days were allowed for the 
second objective. On the first day the rats explored the maze 
for an hour. None of the doors was closed and neither food noi 
water was available in the food boxes. On the second day, E gave 
each rat two trial runs by placing the animal in the starting box 
and, as the rat moved down the alley, closing the doors behind 
him to prevent retracing. 

Rats may have biases for making left or right turns. Kendler 
recorded the turns made by each rat on the preliminary trials 
and discarded any rat which consistently made the same turn at 
the junction. Moreover, during the regular training series, E 
forced half the rats to go to the left for food and to the right for 
water, and reversed the positions of the incentives for the other 
half. 

All rats were under 21-hour deprivation at the time of the 
and were believed to have been satiated nearly 


training series, 
-hour period started. 


equally on water and food before the 21 


The training series consisted of four trials daily for seven days. The 
initial run of each day was a free choice, the second was a forced trial 
to the side opposite that chosen on trial one, the third was a free choice, 
while the fourth was a forced run to the side opposite that chosen on 
trial three. Thus, the animals had equal experience with the contents of 
both goal boxes. Forced runs were accomplished by lowering Door Three 


or Door Four (193, p- 215)- 


Test trials consisted of four runs, each run being given on a 
different day. 

the test series the Ss were motivated 
), while on the second and third day 
1 object. This abba order was utilized 
tion pattern of responding 


On the first and fourth days of 
for one goal object (food or water 
they were motivated for the other goa 
to avoid any possibility of pbuilding up an alterna 


on successive test trials. 
Since many animals had acquired preferences for one of the two alter- 


native sides, the last four free choices on the sixth and seventh days of 
training were noted, and half the animals were motivated, on the first 
test trial, against the side for which they had a preference, while for the 
other half the opposite was true. Thus, on any one test trial the preference 


factor was approximately equated (193, P- 215). 


the rats chose the appropriate alley 


On the four test trials 
en motivated for water, and 73 per 


98 per cent of the time wh 
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cent of the time when motivated for food. The two groups com- 
bined gave 85 per cent correct choice. Chance would be 50 per 
cent. It is clear from these results that the animal’s behavior 
is directed on the basis of internal motivating stimuli. It is pre- 
sumed that this directive function is acquired as a consequence of 
the learning trials, where the rats were rewarded by incentives 
appropriate to only one of the two motivating conditions present 
at the time. 

The directive function of motivating stimuli may be inferred 
from certain other animal data. Rats prefer bran mash to sun- 
flower seed as a reward or incentive. Elliott (88) gave bran mash 
as a reward while rats were learning a maze until the tenth trial, 
at which time he substituted sunflower seed. On the eleventh 
trial the number of errors made in running the maze greatly 
increased. It was as if the rats were running to a specific incentive 
and the change in the incentive disrupted their performance. 


The Emphasizing or Selecting Role 


We have seen that following the awarding of incentives for 
performing a certain task, the behavior sequence preceding the 
reward tends to be strengthened—learning has taken place. When 
given precise statement this is known as the law of effect, which 
we shall accept as established for the present. The principle assumes 
that reduction in motivation, through interaction with an incentive 
appropriate to the motivating condition, tends to strengthen or 
select the responses which brought about this state of affairs. 
Indeed, the emphasizing or selective function of motivation 
develops the directive function, since it is only by such strengthen- 
ing of responses that the organism’s behavior shows less variability 
and greater efficiency as successive trials are given. Furthermore, 
it can be seen, the receipt of an incentive which reduces the 
motivating condition’ must necessarily affect the energy level of 
the organism, within certain limits. Thus, ail three réles are closely 
intertwined. 

Symbolic incentive or reward. We have said that the incentive 
or reward received at the end of a behavior sequence will tend to 
strengthen or reinforce that sequence. If a rat is allowed to eat 
food in the goal box at the end of the maze after each run, the 
number of errors made, and the time required to run the maze, 
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are gradually reduced. Now let us inquire into the situations in 
which incentives are symbolic in nature, i.e., when they do not 
have direct reinforcing power as such. For example, how does 
it happen that money is avidly received as an incentive? We can’t 
eat money, we can’t drink money—it has no power to satisfy 
primary motives directly. If we assume, as most psychologists 
do, that our derived motives are built on primary motives as a 
consequence of learning, any information we can get concerning 
the origin of derived motives and the incentives which touch 
them off and satisfy them, will add to our knowledge of the 
motivation of human adults. We shall examine several animal 
studies to show a few basic mechanisms by the operation of which 
it is probable that our complex motive-incentive conditions are 


derived. 

1. Token experiments. Studies by Wolfe (418) and Cowles (71) 
have shown that tokens—poker chips—can 
e reinforcing power. In the beginning: 
to insert the chips into a slot machine 
to have direct or primary 


with chimpanzees 
become incentives and acquir 
the chimpanzees were taught 
to get grapes, which were considered 
incentive value. The animals learned to differentiate between 
colors of the chips so that a certain color was found to be worth 
1 grape, another 5 grapes, and so forth. Then the chimpanzees 
were put to work, doing manual tasks in some instances, for which 
they were given poker chips periodically, but they were not allowed 
to cash them in immediately for grapes. The animals might 
continue to work for chips alone for as long as 20 minutes before 
they would leave the work to try to cash the chips for primary 
incentives (grapes). Furthermore, not only would the animal 
work for tokens, but it would learn new tasks also, with only 
the chips serving 4s incentives. Clearly, the chips had gained 


incentive value for tHe animals. The analogy with human behavior 


is obvious. 

2. “Click” experiments. 
(46) have demonstrate 
used in these experiments 


one form or another and ha 


Experiments by Skinner (356) and Bugelski 
d symbolic incentives in rats. The device 
has become standard equipment in 
s come to be known as the Skinner- 
box (Fig. 27). We shall refer to it frequently throughout this 
book. A small bar projects from the end of a box. Immediately 
below the bar is a sm food box (or water orifice). Pushing 
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the lever causes a small pellet of food to drop into the box. The 
rat, when initially placed in such a box, explores the interior and 
sooner or later hits the bar and releases a pellet of food. In order 
to speed the initial part of learning, some Es have put a small 
bit of moist food on the bar, or in some cases have blown the 


Fie. 27. Cut-away diagram of a Skinner-box. 


odor of food through the slot from which the bar projects. These 
stimuli will cause the rat to concentrate its early explorations 
in the general area of the bar, thus increasing the probability of 
hitting it. Several days of habituation to the box may be necessary 
before the experiment proper begins. Learning may be measured 
by the number of bar depressions per unit of time, e.g., a minute. 
The pellets of food are quite small, so that it takes many of them 
to satiate a hungry rat. 

In the Bugelski experiment, two groups of rats were used. One 
group was trained to depress the bar and get food. The second 
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o ona the same manner but 
et of food each tim 

depressed, a distinct “click” sounded. After A = 
fairly well learned, both groups went through a process during 
which no pellet of food appeared when the bar was pressed. 
The removal of the food incentive (or the particular incentive 
being used for a series of trials) is called experimental extinction, 
During extinction neither group received food, but the experi- 
mental group continued to hear the click each time the bar was 
depressed. The rats in both’ groups were allowed to continue 
pressing the bar until such responses ceased (extinguished). The 
group receiving the “click” stimulus took 30 per cent longer to 
extinguish than did the control group which did not have the 
click. The click stimulus had gained certain incentive value in 


and of itself. 
3. The Brogden experiment. An experiment by Brogden (36) 
f a symbolic incentive 


illustrates a special case in the developing © 
and will introduce us to 4 new technique. Brogden worked with 


the flexion response in the dog. A small electrode used to administer 
shock was attached to the forefoot. A bell was sounded and the 
shock administered shortly thereafter. If the dog lifted his foot 
at the sound of the bell, he would avoid the shock. Needless to 
say, the dog soon learned to lift his foot when the bell sounded 


and thus did avoid the shock. 

In this experiment, after the response was developed so that 

it occurred with nearly 100 per cent frequency to the sound of 

the bell, Brogden started giving the dog biscuits after each response 
s followed 20 


and discontinued the shock. The training session 
hours of food de so that the transfer in the nature of 


the reinforcement ment to reward took place without 


difficulty. 

After the resp? 
quency to the soun 
of 12 dogs was split 
was, satiated with biscuit, 


or experimental group was als 
in addition to receiving a pell 


privation, 
from punish’ 
evoked at nearly 100 
h food as incentive, the group 
oups of four each. Group I 
placed in the experimental situation 
was rung, and food presented as usual if the 
flexion respo: d. The dogs in this group, being satiated, 

as treated the same as Group I 


did not eat the food. 
except that 70 food was presented after the response. Group Ill 


mse was per cent fre- 
d of the bell wit! 
into three gt 
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hungry when placed in the experimental situation and no 
as 
food was given after the response. 


The results of the experiment are shown in Fig. 28 in terms 
of the per cent frequency of flexion response elicited on test 
trials. Ten test periods were given, 20 trials per period, each 


i Group | 
90 pranan, 


4 5 6 8 9°10 4 
Successive Test Periods ` 

Fie. 28. Tho o tion of symbolic reward in the maintenance of the flexion 
response in the log. See text for explanation of different 8roups. Data from 
Brogden (36). 


ce the strength 
will continue to 
; dog cannot be 
ing direct motive reduction, This 


type of symbolic 
a situation where a new 


_—_i————_—_— ——_—_— 
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response has to be acquire i i i 
n a ee ee 

There are many other illustrations of the development of symbolic 
rewards in the literature, but these are enough to illustrate the 
point—the emphasizing function of incentives need not come from 
objects with direct physiological value. 

From the considerations in this section we must grasp, in addition 
to the understanding of the various methods of experimentation, 
the three following systematic relationships: 

1. Primary reinforcement. Achievement of an incentive appropriate 
to the motivation serves to select or emphasize the behavior 
sequence which precedes the obtaining of the incentive. 

2. Secondary reinforcement. If other stimuli occur consistently 
with an incentive which is appropriate for the reduction of a 
motivating state, these. stimuli may gain incentive value to the 
extent that they will perpetuate behavior for a period of time, 
and under certain conditions, will act as incentives for the acquisi- 
tion of new responses. Such stimuli we have called symbolic 


incentives or rewards. 
g. Primary incentive 
experiment we may ma 


with symbolic characteristics. From Brogden’s 
ke the tentative generalization that a 


primary incentive will perpetuate a given response for a much 
greater period of time than will a symbolic incentive, even though 
that primary incentive does not reduce a primary motivational 
state. It may be that the visual and olfactory aspects of food in 
and of themselves are largely symbolic incentives, having gained 
such reinforcing properties by being consistently present when 


cating has taken place. ste 3 
Now we may see somewhat more clearly how it is possible 
ived motives to develop in humans. 


for complex symbolic or deri i 
If we take into consideration the vastly greater symbolic power 


of humans as compared with animals (this is a human’s opinion), 
it seems quite feasible that our highly symbolic motive-incentive 
relationships could have developed by: processes of learning stem- 
ming originally from incentives which satisfied basic physio- 
logical motives. We have, however, no experimental evidence 
other than the type presented herc to show how this comes 
about. T 

In the chapter thus far we have attempted to set up guides for 
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thinking about the complex topic of motivation. We have or- 
ganized this material around the réles which motivation plays in 
performarice phenomena which are associated with learning. Its 
application to influence on work will be considered in the special 
chapter on that subject near the end of the book. 


EXPERIMENTAL OPERATIONS INFLUENCING 
MOTIVATION 


We turn now to a considera 
which are presumed to cause 


» even small groups, is likely 
ificantly. Certain 


litter technique. A given litte 


method, of cours 
h degree of similarj 
d. Obviously, i 


groups and assumes a hig 
environmental backgroun 
one litter to fill out the gr 
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Deprivation Time 

For our illustrations of the relationship between deprivation 
time and learning, we shall consider three experiments using rats 
in a Skinner box. 

The gross relationship. Heron and Skinner (148) first trained 
their rats to operate the bar in the Skinner box. Then the rats 
were given access to all the food they could eat for a 24-hour 
period. Following the 24-hour period, they were placed on sub- 
normal rations. Each day the rat was placed in the box and 
for 4 minutes was allowed to push the lever and get and eat all 
the food possible. The amount which could be obtained during 
the 4-minute period was too small, however, to sustain life in- 
definitely. The procedure of allowing these short periods of 


day may be called periodic reinforcement. After 
ned in the box for an additional 


od pellets dropped as a conse- 


reinforcement each 
the 4-minute period the rat remai 
hour, but during this hour no fo 
quence of bar depression. The number of responses (bar depres- 
made during this hour was used as the measure of the 
ive. On each successive day up to 


d. On the fifth day some 


sions) 
influence of the hunger mot 
5 days, the rate of responding increase 
of the rats pressed the bar over 1000 times during the hour. On 
the average, the peak of response frequency was reached on the 
fifth day after which the frequency dropped rather sharply as the 


rats weakened. 

Short term relationship. Perin (285) gave four groups of forty 
rats each sixteen reinforcements in the Skinner box and then 
instituted varying deprivation periods for the different groups. 
A reinforcement is defined as the eating of a single pellet. The 

s shown to be the same 


degree of learning which took place wa 
for all four groups as a consequence of their having had the same 


number of reinforcements. 
deprived of food for various 


After the training the rats were 
intervals to determine how the length of the interval would in- 


fluence the length of time requircd to extinguish the lever press- 
ing habit built up by the 16- reinforcements. One group was 
deprived of food for 1 hour, another for 3 hours, another for 
16 hours, and the fourth for 23 hours. Before deprivation started, 
all rats in all groups were thoroughly satiated. Following the 
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specified deprivation period the rat was put in the box and left 
there until no lever pressings had been made for 5 minutes. 

The results are shown in Fig. 29. It is a 
that the longer it takes to extinguish the re. 
the motivating condition. Thus, 
of the performance phenomena 
which we infer different degrees 
that the number of responses 


ssumed, of course, 
sponse the stronger 
the rate of extinction is one 
associated with learning from 
of motivation. The results show 
made before the rat stopped 


8 12 16 20 24 
Hours of Deprivation Before Extinction 
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5-minute period was one. It is very likely that we can extrapolate 
the curve in Fig. 29 at the low end so that it meets th ai 
just slightly above zero. a. 
In summary, these illustrations show that as deprivation time 
increases, performance associated with Icarning increases up t 
the point where physical weakening sets in. i 


Variation in Incentives 

f Since incentives are an integral part of the stimulus complex 
influencing motivation, E may vary incentives and determine 
whether this brings about differences in performance. The process 
of doing this is one of the most complicated fields in modern 
psychology, for several reasons: ; 

1. Whether or not incentives will influence performance 
appears to be dependent upon a great many conditions, and 
in spite of the fact that there have been scores of researches in 
this area, there are many divergent experimental results. This 
is especially true when negative incentives are administered to 


human Ss. 
2. Results, obtained with animals appear to be different from 


those obtained with humans. 

3. Lively theoretical arguments on the mechanisms of learning 
stem from this research area because there are several possible 
interpretations attempting to make plain how incentives might 
have the influence shown in the data. 

For good reasons we are going to postpone all theoretical 


rations to a later chapter. We shall not even attempt te 


conside S 
since adequate surveys 


review the literature on incentive variation, 


are available (26). ; i 
Electric shock in human learning. Electric shock for errors 
is the most widely used negative incentive in experiments involving 


adult Ss. There are many electric shock experiments in the 
literature which have followed Design Method I, Random 


Groups. In these experiments all or some of the comparisons 
: rest on the tacit assumption that the 


between various groups ; e. à t 
groups were equal in learning ability before experimentation 
started. No checks were made to determine the validity of the 
assumption. The reported results from some of these experiments 
are contradictory. We are left somewhat in doubt as to whether 
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iction may be due to the fact that two or more groups, 
— be waned beore the introduction of the variable, were 
ma s an illustration of how random groups, tested 
for equality, can be used effectively in studying the influence of 
electric shock. Gurnee (127) chose five random groups of human 
Ss and put them all through four trials on a maze with exactly 
the same conditions prevailing for all groups. From the scores 
on these initial four trials he could evaluate the comparability 
before the variable was introduced. Actually, the mean per- 
formance of one of the groups did deviate considerably from 
the means of the other groups. In the experiment proper he 
used a control group (no shock); a group given a weak shock 
for wrong responses; a group given weak shock for right res- 
ponses; a group given moderately strong shock for wrong responses; 
and the fifth group given moderately strong shock for right 
responses, These variations were introduced on the fifth trial 
and were maintained until S mastered the maze. Gurnee found 
but little difference in the rate of learning among the groups. 
Within the limits used, intensity of shock did not appear to be 
a significant variable, and whether it was given for right or 
wrong responses did not appear to be of a 


s t procedure, let us consider 
an experiment by Gilbert (111) using Design Method II. Gilbert 
had 102 Ss learn a short practice maze 


as they learned the maze, group was given 
a shock whenever they ha number of Satie 
—a noninformative shock since it did Not occur at the time of 
ministered between 
little faster than the 


not large enough t 
allow the conclusion that the shock Significantly ola he pee 
of learning. 
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The procedure used by Gilbert i ini i 

makes only one somaantion cain tot oe ies 
practice maze is highly correlated with performance on the a 1; F 
maze. This assumption could, of course, be checked by his eal 
but it is very likely that the correlation would be high seats ‘ 
the correlation may be somewhat lower than perfect, it is probably 
better to match Ss on the actual task to be used by giving ae 

before introducing the variable. Practical 


group a few trials 
considerations however often will not allow this. 


Light 
Ground glass 


Grid 


MENS 


d by Muenzinger, Bernstone, and 
of shock for right and for wrong 
responses in rat learning. f the lights was on and the correct 
response was oing toward the light and entering the ood box. On incorrect 
responses the door to the food box was closed. 


Fic. go. Plan of discrimination box use 
i dy of the effect 


Richards (277), in t 


We have considered only two experiments concerning the 
learning. They do not, of course, 


influence of electric shock on 
show the wide divergence in results which have been found. There 
are no general principles which can be drawn from the work done 


to date except that electric shock usually produces greater variability 


in performance. 

Electric shock in animal learning. With but few exceptions, 
the introduction of shock in animal learning situations has en- 
hanced performance. One of a long series of experiments by 
Muenzinger and his students will be used as an illustration (278). 

isual discrimination box, shaped like a T, 


In this experiment a V: 
was used, as shown in Fig. 30. The rat, after reaching the choice 
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i nly that alley at the end of which there 
a tid p a A random order which light 
should be glowing on successive trials. The animal thus could 
not learn always to go to the right or to the left; rather, he had 
to learn to go toward the light. Three groups of rats of agent? 
five each were formed. One group received shock from the gri 
for making right responses, another group for making wrong 
responses, and the third group received no shock. The rats were 
given ten trials a day until they made no errors on two successive 


days (twenty successive errorless trial 
in Table 14, indica’ 


superior to the no 


TABLE 14 
INFLUENCE oF SHOCK FOR RIGHT AN 


D SHOCK ror Wronc RESPONSES IN 
ARNING OF A DISCRIMINATION Hasr sy Warre Rats 
=—— 


E Trials to 
| TOES Reach Criterion 
ee 


Shock right group 


hock wrong group 113 
No shock (control) 


107.2 45.9 
Data from Muenzinger, Bernstone, 


and Richards (278), 


In view of our own prefer- 
i expect that 
output would occur if we were working 


if we were wo 


MOTIVATION 18 3 


aie bes ir often find the expected relationships obscured 
If we confine our evidence to animals we find that the relation- 
ship between desirability of food and performance rewarded b 
that food is high. A carefully performed experiment by You 
(425) demonstrates the principle. By a cafeteria technique in ech 
animals were allowed to choose between one of two foods (paired 


comparisons), it was determined that of the three foods used in 


3 


Runs Per Minute 
N 


~ 


2 3 4 5 
Successive Training Periods 


Fic 31. Relationship between performance and palatability of foods. Sugar 
and wheat were preferred to casein by rats, and are shown here to heighten 
performance of a simple running task. Data from Young (425). 


sugar and wheat were almost equally well liked 
h better liked chan casein. Using these 
three incentives and a simple task in which the speed of running 
was the measure of performance, it was shown that the rats made 


more runs per unit of time when running for wheat or sugar 
g for casein. This relationship was 


than they did when runnin: 
determined, of course, when the rats had been subjected to the 
n. Figure 31 shows the results. 


umber of hours of deprivatio 
per minute is directly related to palata- 


the experiment, 
by rats, but both were muc 


same n 
The number of runs made 

bility of the food. 
Amount of incentive. The data concerning this dimension are 
ts. Crespi (73) has shown that the 


clear-cut for animal experimen 
speed of running is directly related to the amount of incentive 
of a given kind (food). One necessary experimental precaution 


should be mentioned. In order to vary the amount of incentive 
among groups, Æ must give no more than r trial a day. Since 


13 
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i ive is being varied, the degree of hunger 

oo a aol ae sla aces animals after the consump- 
ion of the incentive received on a single trial. Hence, though 
Sa als in different groups start with the same strength of the 
ia motive the strength will be different for the different 
oe s after the trial. Consequently, only 1 trial should be given 
aay and the difference in the amount of incentive received 
after the trial should be balanced by the amount fed the rats 


Again, however, 
when adults are u 


segment of a task, Æ 


” or, “Good, let’s do even better this next 


time,” one may think of these statemen 
incentives, or praise. If Æ says: 
a poor job and you ought to 
have negative verbal 


incentive, o 
that many of our “na 


MOTIVATION 185 


performed by Hurlock (174) and Schmidt (335). From these, and 
other studies, the following conclusions may be drawn: 


1. With young children, praise results in better performance than 


reproof. 
2. With older children, reproof seems to be the best incentive. 


3. With young adults, neither seems to influence learning a great deal. 
4. Either, if given too often, will be reduced in effectiveness, though the 


loss of the effectiveness of reproof is most rapid. 
5. The person administering the reproof or praise is a significant variable 


some Ss may respond to one E and not to another. 

Summary of incentive variation. 1. Incentives may be 
varied in kind or in amount of a given kind. Incentives may be con- 
sidered negative (punishment) or positive (reward). The experi- 
mental problem is to determine the relationships between incentive 
variations and performance phenomena associated with learning. 

2. Electric shock has been used a great deal as a negative 
incentive. For human Ss the results are ambiguous, shock appearing 
sometimes to facilitate performance, sontetimes to inhibit it, and 
other situations to have no influence. Reasons for the 
ly numerous, including the type of task 
ance of other motives, and the intensity 

the data may be due in part to 
ric shock administered to animals 


in still 
discrepancies are probab 
used, the degree of domin 
of the punishment. Ambiguity in 
the use of Design Method I. Elect 


will usually facilitate perforreance. 
3. Other things being equal, the greater the amount of a given 


positive incentive the greater the facilitation of performance, and 
the more desired an incentive the greater the facilitation. These 
principles are clear-cut in the case of animal studies, but may be 
masked by other factors in human studies. 

4. Praise and reproof, as special forms of positive and negative 
incentives, have been shown experimentally to influence perform- 


ance. There are several variables involved. 


Competition or Rivalry 

“Getting ahead of someone else” appears to be a basic motive 
jn our culture. Very early in life the individual’s performance is 
compared (by himself and others) with the performance of others. 
Since “getting ahead” is usually rewarded in some fashion, 


186 EXPERIMENTAL PSYCHOLOGY 


it i ite conceivable that such a motive could develop. What 
ree alc competitive activity is first seen at about the age of three, 
aa ea aie very rapidly for the next few years (122). It 
would appear that in so-called rivalry or competitive situations 
the incentive is the extrinsic or intrinsic rewards (or both) 
which usually accompany excelling. Responses to the person 
and by the person who wins first prize at a bridge party are quite 


different from those to and by the person who wins the booby 
prize. 


12 
Competitive Groups 
1 
10 
i, 
i Control Group 
8 


7 


1 2 3 4 5 
Successivo Days 
tition on the speed of worl 


king arithmetic problems 
students. The competitivi 


Fic. 32. The effect of cone 
le e situation was set up on 
from Hurlock (175). 


among fourth and sixth gra 
the second day. Data 


motivation, E may att ituati determine 
the influence of the variatj We need examine 
influence behavior 


was introduced except that whi 
the usual school situation. The 
group, was divided into two sub 
termined by the initial test, Be 


other group, 


-groups of equal ability as de- 
tween these two sub-groups a 
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competitive situation was set up. To do this, it was necessary 
only for E to announce that she was interested. in seeng which 
ther group. To add to the stimulation, E 


group could beat the o i 
read the names of the winning Ss in each group and asked them 


to stand up. 


The experiment extended for four days after the initial division 


of the Ss into groups. On each of these days, 30 additional arithmetic 
problems were given. The control group worked merely as if the 
problems were another task to be done; the two experimental 
sub-groups vied with each other for superiority. The results are 
depicted in Fig. 32 and show that the competitive situation raised 
the mean scores. Both groups were quite equal at the start (Day 1), 
but on successive days the experimental groups were consistently 
and significantly higher than the control. 


Induced Muscular Tension 

We have insisted that, where possible, £’s inferences from 
changes in motivation should be from changes in the energy 
output of the organism. The secondary, but very practical problem 
is that of relating changes in motivation to changes in performance. 
By definition, we have said that as tension or energy level increases 
as a result of manipulating a certain class of stimulus variables, 
motivation increases. We have seen that tension increases during 
performance of a task as compared with relative rest. Finally, we 
have seen that performance is related to motivation where it is 
believed motivation has varied, even though tension measurements 
were not taken. All of these associated phenomena suggest the 
possibility that if tension is induced directly, performance may be 


enhanced. 


There is a temptation to say that inducing tension increases 


motivation directly and actually this may be what happens. How- 
ever, although we may say that changes in motivation are revealed 
by changes in tension, it does not necessarily follow that changing 
tension in turn changes motivation. Regardless of how the relation- 
ship may be conceived, the problem is wide open to experimental 


attack and most results to date show that increasing tension will 
enhance performance within limi 


ts. We should consider the 
methodology of one experiment. 


A study by Courts (69) was concerned with the learning of 
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nonsense syllables (meaningless three letter words, such as G UP). 
Courts, in order to explore varying degrees of tension and their 
relationship to learning, asked Ss to grip a dynamometer as hard 
as they could for a period of 30 seconds. The reading in kilo- 
grams at the end of 30 seconds was taken as the maximum grip 
measure. Using this maximum grip as 100 per cent tension, 
Courts required Ss to learn lists of syllables while they were 
gripping the dynamometer at different fractions of the maximum. 


70 


Syllables Correct 


40 


One % % a g 
(normal) Amount of Induced Tension 
Fic. 33. The effect of induced muscular tensi i 

syllables. Data from Cour Teo)” learning of nonsense 


The fractions used were es 
nounal conditions, i.e., wi 


re between 
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miay produce the decrement in performance under high induced 
tension. 

The variables in the situation in which muscular tension is 
induced are not thoroughly worked out. Investigations thus far 
suggest that the locus of the induced tension and the complexity 
of the task are two significant variables (70). A tentative generaliza- 
tion concerning the latter variable is that the more complex the 
learning task the less the facilitation by induced tension. 

The findings with regard to induced muscular tension as 
exemplified by Courts’ study are suggestive of another reason 
why there have been contradictions in the data concerning the 
influence of punishment, especially the influence of electric shock. 
We would suspect that the use of electric shock would increase 
S’s tension. However, some studies have shown a facilitation 
of performance as a result of shock, whereas others have not. 
It is possible that the different studies may have invoked different 
degrees of tension and that this, coupled with differences in the 
tasks, may have put S past the point of optimal tension so that 
his performance was much as it would have been at a lower 
tension level. A horizontal line drawn through two portions of 
the curve in Fig. 33 would indicate points of differing tension 


level but of identical performance. 


Variations in Set 

Set, a term used in several ways in psychological literature 
(109), is employed here to relate the formal instructions given S 
and performance as a consequence of those instructions. In part, 
instructions experimentally define the directive function of moti- 
vation. They stipulate in what direction $ should apply his efforts 
and the stimuli to which he should attend. There is no reason 
to believe that the instructions as such influence the energizing 
function of motivation unless ‘those instructions indicate certain 
rewards or punishments which may follow. Changes in performance 
due to different instructions, differences which are usually attributed 
to set, form a part of the study of motivation. 


Unfortunately, the problem of set is a complicated one, largely 
uctions given $ are usually 


on in which S shall apply 
) that there are at least 


because it is recognized that the instr 
not the only determinants of the directi 
himself. It has been pointed out (233 
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three varieties of instructions in the usual human experiment: 
(x) formal instructions; (2) incidental “instructions aroused by 
the situation and without the intent of E; and (3) instenntiais 
which S gives himself. These last two are related directly to S’s 
past experience, and how $ applies himself wi 
a certain extent by how he has applied hi 
the past in similar situations. Æ th 
the direction of behavior, 


ll be determined to 


set, however, E attempts to j 
may or may not be suppo 

“What is learned” 
ment (298) 


) general comprehension; (2) 
Specific sequence of events; (3) details of content; (4) details of 


wording; (5) physical appearance (typographical errors), Three 
minutes after reading, Ss were tested over all aspects, i.e., over all 
five factors, by a multiple choice test. 


a group of Ss was instructed to 


presented under the guise of a type-clarity test, A 
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Maintenance of set. A variation in the.methods for studying 
set was used by Rethlingshafer (308). She presented $ with a 
variety of tasks (nonsense lists, miazes, puzzle problems, and a 
simple motor task), and while $ was engaged in learning or per- 
forming these tasks the reaction time to a buzzer was measured, 
S was instructed to press a key whenever a buzzer sounded. The 
onset of the buzzer started a chronograph (timer) and pressing 
the key (by S) stopped the chronograph, thus giving a measure of 
speed of reacting to the buzzer. 

Results show that as the learning of nonsense lists or mazes 
proceeded, there was an increase in the speed of reaction to the 
buzzer. The longest reaction times were observed on the first 
learning trials, and the shortest times were observed when the 
lists or mazes had been learned and were being performed per- 
fectly. Assuming the puzzle problems allowed for solutions of 
an insightful nature, the results show that the longest reaction 
time to the buzzer occurred before insight had taken place, and 
the shortest after insight had taken place. Finally, during the 
performance of the simple task (dropping a marble through a 
hole, picking it up and dropping it through again, and so forth), 
the reaction time was shown to be very fast and had but little 


variability over a considerable period of time. 

Note that in this experiment S was given two sets, one to react 
to the buzzer and the other to perform or learn. The results 
suggest that the more difficulty $S is having with a given task, the 
less quickly can he direct his behavior into other channels, i.e., 
descriptively it appears that set 


respond to the buzzer. Thus, 

has “depth,” and that this is what we mean by degree of 
tention. -a 

A eat y controlling past activity. We indicated 


Control of set b $ A 
s control of set through instructions was only 


partial. Set is influenced to a certain extent by past experience 
in similar situations. We could, then, set up a series of problems 
whose solutions were similar and thus develop a specific solution 
set. Next, we could change the type of problem so that then the 
vious solution set is jnadequate, and determine what influence 
this interference of sets has on the solution of the new kind of 
problem. Such attacks on the problem of set have been made. 
The results cut across several areas of study including transfer 


previously that £’ 


pre 
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ining, interference in learning, and, especially, interference 
a pa and reasoning. We shall delay consideration of such 
= interference until we consider the material on thinking and 
se 
reasoning. 


Ego-involvement 


Introduction. In recent years psychological literature has 
carried an increasing number of references to the term ego- 
involvement. Allport (2), in 1943, summed up current and his- 
torical usages of the term and set forth evidence which he be- 
lieved justified the use of such a term. Recently an entire book, 
The Psychology of Ego-Involuements, has been devoted to the role 
of the ego in its various involvements (351). An extensive dis- 
cussion of the relationship (or lack of it) between ego-involve- 
ment and principles of learning has appeared (310). Inasmuch 
as some of the problems relating to ego-involvement are amenable 
to experimental attack, we will need to consider the operations 
which define it. Our present problem is to examine ways in which 
E can vary motivation. Making S ego-involved is presumably one 
of these ways. 

A conception of the ego. We must get some understanding of 
how the term ego is to be used here. Evidence from clinical data 
tends to suggest the hypothesis that as an individual matures in a 
given culture, or sub-culture, he gradually builds a role (129) 
for himself in that culture. He develops a status. He learns what 
is “right” and what is “wrong”; he discovers, with considerable 
help from his elders, which status or réle is thought well of and 


which is considered a failure. He discovers what abilities are 
highly esteemed, what traits are rewarded, what actions are best 
to display, 


and so forth. From a great wealth of ex 
builds up a i 


on which an individual has of 
go. (Cf. Sherif and Cantril, 351, 


genesis of the ego.) 
When an individual is said to be ego 


we mean that he is placed in a situatio 
status or roie; it is a threat to his pre: 
threats instigate feelings of anxiety. 


-involved experimentally, 
n which is a threat to his 
stige or self-esteem. These 
Anxiety, being a painful 
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condition, serves as a motivating factor (272, 273) by energizing 
the organism. His behavior, as a consequence of this anxiety, 
tends to be directed toward alleviation of the anxiety and thus 
reduction of the motivating state. The specific direction behavior 
takes in an effort to remove the anxiety condition will be de- 
termined by past experiences which have been successful at this. 
With this conception of the ego and its involvement, the experi- 
determining what conditions of threat 


mental problem is that of 
group of Ss ego-involved by the 


are universal enough to get a 
same operations. 


Experimental implications. Allport (2) has pointed out that 


in the usual laboratory experiment ego-motivated behavior is 
ful sign that recent experi- 


seldom instigated. He thinks it is a hope! 


mentation has attempted to get at these “higher” motives of 


man. We have already seen that the instructions to S may have 
considerable influence on the performance. It is likely that many 
of the more staid laboratory experiments are unwittingly tapping 
the ego-motive to a certain extent by S’s self-instruction or by 
false impressions of the experiment. For example, the writer has 
done some research on the learning and forgetting of simple 
verbal materials. These experiments are of an individual nature 
in which only one S works at a time. On many occasions, Ss have 

y to learn the words presented is 


asked how highly the abilit ; we 
correlated with intelligence, Or how highly it is related to per- 


sonality traits. Without doubt some Ss have learned the words 
under the impression that this ability was somehow related to 
intelligence OF personality. Studies of ego-involvement may 
deliberately use suc duce ego behavior into 


h ruses to attempt to in 
the experimental situation. x ; 

It appears that the recent flurry of writing about ego-involve- 
ment has two important implications for the experimentalist. 
First, it is necessary to reconsider the whole problem of in- 
to S, since in some experiments we might want him 
ers not. It is even reasonable to suppose 
that some of the contradictions in the experimental literature 
may stem from differences in the amount of ego-involvement 
unintentionally invoked by the situation and by the instructions. 
Until more evidence is available, we need not consider the possi- 
bility that ego-involved behavior produces qualitatively different 


structions 
ego-involved and in oth 
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results than non-ego-involved behavior, Allport is careful to 
point out the dimensional aspects of €go-involvement, and we 
shall consider motivation changes produced by ego-involvement 


other operations. 
Secondly, acce 


group of, say, music-schoo] stu 

Experiments using Method II ha 
the ego-involved group will learn th 
non-ego-involved group. For example, 
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results may be explained on fairly well established principles 
of transfer of training (Chapter IX) without invoking any new 
concepts, we shall say no more about Method II. 

Illustrations of Method I. In an experiment by Alper (3), two 
groups of Ss were used in the usual control-experimental pattern. 
Each group had two sessions, but on the second session the 
experimental group was placed under conditions which were 
thought to involve a severe threat to S’s self-esteem. The main 
task in each session was that of rearranging jumbled sentences of 
20 words. Some of these sentences were easy to place in proper 
order and some were very difficult, so difficult in fact that they 
could not be finished within the time limit allowed for each. 

During the normal sessions, Æ attempted to maintain a normal, 
friendly relationship with S and presented the tasks as a job to 
be done. Only E and S were in the experimental room. During 
the ego-involved session under which the experimental group 
served, the atmosphere was considerably different. Several con- 
ditions were changed in an effort to pose a threat to S’s self- 


esteem: 


1. Ss were told that the ability to rearrange the sentences comprised an 
intelligence test used by the Army to select officer candidates. (All Ss were 
draft-age males and the experiment was performed during the war.) 

2. A male accomplice was situated in the experimental room and he 
“managed” to solve the problems much faster than S, at the same time 
remarking on the ease of the problems. X p ’ 

3. An attractive female accomplice was situated in the experimental 
room, ostensibly to help with the experiment, but actually to add to S’s 
embarrassment when he failed to keep up with the male accomplice, 


The design of the experiment may be represented as follows: 


Session I Session II 
Normal Normal 
Control Group Normal Ego-Involvement 


Experimental Group 

The use of the control group was necessary to show what changes 
would come about as a consequence of mere practice and as a 
consequence of the differences in the two sets of sentences, since 
used on the first session and the*other on the 


one set was always 
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second. The control group showed no significant change in scores 
from Session I to Session II, so that any change in performance 
which occurred for the experimental group may be attributed 
to differences brought on by the change in conditions at the second 
session. 

The results show that in Session II the experimental group 
solved fewer sentences than they did in Sessio 
of this as a disruption of performance. Obse 
and remarks made by them, 


n I. Alper speaks 
rvations made on Ss, 


Suggest strongly that they were highly 
motivated to do well. Yet, the results show that their performance 


was poorer under the ego-motivating conditions of Session II than 
the non-ego-motivating conditions of Session I. The results, then, 
are quite similar to other results discussed previously; when motiva- 
tion is very strong, or when tension is very high, performance may 
be inhibited. 

The Alper experiment also has 
in it, for, in comparison 
Failed. The results, then, 
cerned, are somewhat obs 
which we will consider in 


a strong frustration component 
with the male accomplice, $ actually 
as far as sheer ego-involvement is con- 
cured. Failure adds an additional factor 
detail in the next chapter, Ego-involve- 
threat of failure but not actual fai 


no indictment of the study, 
hypotheses, 


cut data on the ego- 


with non-ego-learning 
ystematic series of experiments in this 


falls under this method 


1. Sis given a task to do, often a simple speed task such as cancelling 
letters. 


a 
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on the next trial on the same task, i.e., what his ‘goal is on the 
next trial. 
3. Another trial is given and the score determined. 

The difference between, for example, the score on trial two and 
the goal set up after trial one reveals something about S’s level of 
and may be called a D-score (difference or discrepancy 
score). A series of such sequences may be given and a mean or 
median D-score determined. If the differences are consistently 
ates that S seldom attains the goal he sets for 
t he over-aspires. If the scores are con- 
tes that he does better than he says he 


aspiration, 


positive, it indic: 
himself; we might say tha 
sistently negative, it indica 
will do, or under-aspires. 


There are many variations on 
however, that if the goals are set up sincerely by S, i.e., if he 


really expects to make that score, then we have the basic in- 
gredients of an ego-involved situation, since failure to achieve 
that score would be a blow to his self-esteem. In fact, the logic 
is sometimes reversed to indicate there can be no true personal 
failure or success unless the person is ego-involved. 

A considerable number of variables in the level of aspiration 
situation have been worked out (cf. Sherif and Cantril, 351; 
Rotter, 325; and Lewin, Dembo, Festinger and Sears, 217, for 
these variables and the results obtained). Strangely enough, there 
are no data available on the performance of one group working 
under the level of aspiration conditions and another comparable 
undef usual conditions. Consequently we do not 
the level of aspiration situation increases motiva- 


the basic method. It appears, 


group working 
know whether 


tion or not. "a p . tos 
Most of the level of aspiration studies are highly similar to 


studies on competition OF rivalry, either competition within the 
group or of an individual with himself. Most of the interest to 
n changes in performance and on changes 


date has been centered o pel c ; 
in aspiration scores which occur within a series of trials. The 
hould be consulted for these facts. It may be 


above references 5 G 
that D-scores in 4 variety of tasks will be found to have some 
e of adjustment. D-scores show 


significance as indicators of degre ent. 
a wide range among individuals along a reality-irreality dimen- 


sion (179). It would appear that a person who consistently sets 
his goals higher oF Jower than his performance would objectively 


>' oe!) SS eS ee ee MEGS atl SOULS 
Rari Session I to Session II, so that any change in performance 
which occurred for the experimental group may be attributed 
to differences brought on by the change in conditions at the second 
session. 

The results show that in Session II the experimental group 
solved fewer sentences than they did in Session I. Alper speaks 
of this as a disruption of performance. Observations made on Ss, 
and remarks made by them, suggest strongly that they were highly 
motivated to do well. Yet, the results show that their performance 
was poorer under the ego-motivating conditions of Session II than 
the non-ego-motivating conditions of Session I. The results, then, 
are quite similar to other results discussed previously; when motiva- 


tion is very strong, or when tension is very high, performance may 
be inhibited. 


The Alper experiment also has a stro: 


ng frustration component 
in it, for, in comparison with 


the male accomplice, S actually 
failed. The results, then, as far as sheer ego-involvement is con- 


cerned, are somewhat obscured. Failure adds an additional factor 
which we will consider in detail in the next chapter. Ego-involve- 
ment as such involves the threat of failure but not actual failure. 
From Alper’s study we cannot answer the question as to whether 
Ss would have done better had E merely indicated that the per- 
formance on the sentence test was a test of intelligence. This is 
no indictment of the study, however, since Alper was testing other 
hypotheses. 

We must conclude 
learning of impersonal 
of the same material. 


that we have no clear-cut data o 


n the ego- 
material as compared with non- 


ego-learning 


iration. 
In simple form, of aspiratio 


roceeds as 
follows: P 

1. S is given a task to do, often a simple speed task such as cancelling 
letters. 


2. S is asked to estimate what score he thinks he will make 


next trial. 
3. Another trial is given and the score determined. 

The difference between, for example, the score on trial two and 
the goal set up after trial one reveals something about $s level of 
aspiration, and may be called a D-score (difference or discrepancy 
score). A series of such sequences may be given and a mean or 
median D-score determined. If the differences are consistently 
it indicates that $ seldom attains the goal he sets for 
ht say that he over-aspires. If the scores are con- 
ndicates that he does better than he says he 


positive, 
himself; we mig 
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will do, or under-aspires. 


There are many variations on the basic method. It appears, 


however, that if the goals are set up sincerely by S, i.e., if he 
really expects to make that score, then we have the basic in- 
gredients of an ego-involved situation, since failure to achieve 
that score would be a blow to his self-esteem. In fact, the logic 
is sometimes reversed to indicate there can be no true personal 
failure or success unless the person is ego-involved. 

A considerable number of variables in the level of aspiration 
e been worked out (cf. Sherif and Cantril, 351; 
Rotter, 325; and Lewin, Dembo, Festinger and Sears, 217, for 
these variables and the results obtained). Strangely enough, there 
are no data available on the performance of one group working 
under the level of aspiration conditions and another comparable 
group working under usual conditions. Consequently we do not 


know whether the level of as jon increases motiva- 


tion or not. 
Most of the lev 


situation hav 


piration situat 


el of aspiration studies are highly similar to 
studies on competition or rivalry, either competition within the 
group or of an „individual with himself. Most of the interest to 
date has been centered on changes 1n performance and on changes 
ores which occur within a series of trials. The 
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that D-scores in 4 variety of tasks will be found to have some 
significance as indicators of degree of adjustment. D-scores show 
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warrant (irreality) has a different personality structure than does 
a person whose aspiration scores keep pace with his performance 
es of the level of aspiration clearly fit into the study of 
motivation since they are concerned with goals and with attempts 
to attain these goals. Indeed, in these studies we have the rare 
case of laboratory behavior in which S chooses his goal and then 
tries to attain it. This choosing, and striving to attain, fits our 
conception of ego-involvement, but we must await considerably 
more research before the data obtained by the level-of-aspiration 
technique can be integrated with the rest of the topics of 
motivation. 

Summary. All in all, in this section 


mentalist ego-involvement remains fairly resistant to laboratory 
manipulations. We must admit, then, that our derived motives, 


mentioned earlier in the chapter, still remain quite obscure as far 
as defining operations by which we can manipulate them are 


concerned. The operations discussed here are the only ones avail- 


able to date. Undoubtedly future research will result in more 


definitive data on the relationship between ego-involvement and 
performance. Of this much we may be sure: there are enough 
psychologists who are ego-involved 


in the concept of ego- 
involvement so that further research will be undertaken. 


» we find that for the experi- 


SUMMARY 

1. Motivation is an h 

certain changes in Tesponses occurring as a result of certain 
changes in the stimulus iti 


2. Learning and motivation are clo, 
lems relating to motivation were disc 


sely related, Certain probe 
tions which motivation is assumed to 


ussed under the three func- 


play in the learning process. 
These three functions are: 


a. energizing the organism 
b. directing behavior 
c. emphasizing or selecting responses 
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3. The’ problem of motivation as investigated in the laboratory 
as well as observed in everyday life includes the goal objects or 
incentives toward which behavior is directed. Other stimuli oc- 
curing consistently with a primary incentive, such as food, may 
also gain power to direct or sustain behavior for limited periods; 
of time. These are called symbolic incentives. j 


4. We have certain basic primary motives and others which 


we have called derived motives. In working with animals we employ 


primary motives; with human Ss we are working largely with 
derived motives. The derived motives are presumed to be built 
upon primary motives by a process of learning similar to, but 
much more complicated, than that from which symbolic incentives 
are developed. 

5. Classes of stimulus manipulations which are believed ‘to 
influence motivation were discussed. These manipulations are: . 


a. deprivation time (used with animals) 
b. incentive variation 
(1) negative incentives 
(2) positive incentives, 
c. competition or rivalry 
d. induced tension 
¢. variations in set by instructions 


f. ego-involvement 


6. Three areas, especially, 


mental work: 
gative incentive variation in human Ss 


(punishment) 
including kind, amount, and desirability.” 


are in need of much more experi- 


a. nej 
b. induced muscular tension 


c. ego-involvement 


CHAPTER VII 


Frustration 


INTRODUCTION 


Frustration is common in our society. It is revealed in the 
behavior which accompanies attempts to get something that is 
difficult or impossible to get. The social climber, uninvited to 
parties she would like to attend, indulges in malicious gossip; the 
golfer who shoots go, and who thinks he is able to shoot 80, throws 
his clubs in the lake; the student who tries to get A’s, and who 
consistently gets C’s, may change his major and forever condemn 
individuals in the area in which he had shown incompetence. 

Definitional problems. The study of frustration is an elabora- 
tion of the study of motivation, since it is concerned with behavior 
resulting from failure to satisfy a motive. Organisms are moti- 
vated in certain directions, i.e., motivated to solve a problem or 
to reach an incentive or goal-object. If the problem situation is an 
uncomplicated one, the organism, when aroused, “‘unfolds’” a 
behavior sequence previously acquired and attains the goal-object. 
If the organism is in a relatively new situation for which it has no 
appropriate response immediately available, trial behavior occurs 
and the organism usually chances upon an adequate response. If 


in either of these situations (during the execution of a learned 
response or during the acquisition of a new one) blocking or 
interference with goal- 


directed behavior occurs, we have the 
condition which may produce frustration, 


To define the stimulus changes necessary to produce frustration 
we refer to blocking or interference with a goal-directed behavior 
sequence. This is not an operational definition, however, for if we 
ask when an organism is frustrated, or ask what are the criteria 
used to determine when frustration is present, we run into danger 


200 


FRUSTRATION 201 


of circularity. Suppose, for example, we block or interfere with 
goal-directed behavior and observe responses which are not 
different from those which occur in the absence of blocking. Are 
we to say that this is not a frustrating situation? If we say this we 
lose the meaning of our definition, for now we would be denying 
that the blocking of a goal-response is frustrating. To avoid this 
misconception we must again revert to an examination of the 
experimental operations used to study the phenomenon. 

To produce frustration E blocks or interferes with goal-directed 
behavior. It is observed that, after blocking, the behavior of the 
organism deviates from or is not the same as the behavior which 
occurred when no blocking took place. This deviant behavior, 


deviant compared with that in a non-blocking situation, is what is called 
frustrated behavio' in terms of the opera- 


r. To define frustration 
tions by which it is measured, we have to correlate both the 
stimulus manipulations and the response measurements. Conse- 
define frustration as that which leads to the deviant 


quently, we must 

behavior which ts observed as a result of the blocking of or interference 
with a goal-directed behavior sequence. Thus, frustration is another 
logical construct. When £ blocks goal-directed behavior, and 
when such blocking results in deviant response (compared with 
a control group not blocked) we infer a state which is called 


frustration. 
If we put the de 
group, it would appear 
Control Grou: 
Experimental Group: Bl 


finition in terms of an experimental and control 


as follows: 


p: No Blocking 
locking 


f the control group provides basal measurements, 
ese measurements shown by the experi- 
the difference in stimulus 
ikely that we have many 
so that difference between 
is one of difference in amount 


The behavior © 
and any deviation from thi 
mental group must 
conditions, i.e., the blocking. It is unl 
conditions in which the 
a control and an experimental group 
of blocking. If E believes 
occurs when blocking is rela! mount, he may not 
use a control group- The control group is always implied, how- 
ever, in making inferences concerning the influence of the 


blocking. 


202 EXPERIMENTAL PSYCHOLOGY 


Background of research. Experimental work concerned with 
frustration and conflict (next chapter) is recent in origin, the bulk 
of it having been done during the last 15 years. Probably no other 
area has so much intrinsic interest for as many psychologists as 
does this area. For several reasons the work has special significance 
to psychologist and layman alike. 

1. An experimental analysis of the conditions producing abnor- 
mal behavior may shed light on the causal mechanisms producing 
the behavior with which the clinical psychologist and psychiatrist 
must continually deal. 

The work done thus far is at best only suggestive, and it will 
be well to caution ourselves on two points: (1) some of the work 
has been done on animals and, as already indicated, we cannot 
generalize to human behavior without reservations; (2) when 
minor behavior disturbances are produced experimentally in 
human Ss we cannot be absolutely sure that this behavior is on 
the same continuum with abnormal behavior as defined by the 
psychiatrist. All we can say with regard to both points is that 
research results thus far seem very encouraging and there is no 
reason to quit work because reservations concerning its inter- 
pretation must be entertained. Whether we are getting at the 
same mechanisms as those present in serious abnormalities or not, 
the data collected embody important laws of behavior; thus, 
experiments in the area will be continued. 


2. Freud’s writings have had tremendous influence on thinking 
an behavior. Since his work first became generally 
; American psychologists there have been conflicting 
feelings concerning it. It was as though psychologists intuitively 
felt that many of Freud’ ghts, incorporated in such clinical 

and so forth, were sound. Yet, 
for lack of what they would call reliable evidence, they were not 
gullibly accepted by objective-minded Psychologists. Later experi- 
some of these conflicts by showing 
s clinically derived mechanisms or 
concepts can be empirically substantiated. (See Sears, 338, for a 
comprehensive survey of objective data as related to Psychoanalytic 
concepts.) 


3- Some experiments in this area have bee 
group responses. That is, the responses obse 


s insi 


that some, at least, of Freud’ 


n concerned with 
tved were those of 
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a whole. These observations, plus those on indi- 
d rather extensive theories to account for a 
wide range of group behavior, such as wars, lynchings, fascism. 
The theories have been experimentally oriented, and rather 
ingenious methods have been devised for testing the theories. * 
Terminology. We have defined frustration as a state we infer 
when deviant behavior follows the blocking of goal-directed 


behavior. In the previous chapter we defined motivation in terms of 
energy output. We must now state the manner in which the 
concept emotion is to be used, and how it is to be related to other 


a group of Ss as 
viduals, have provoke 


behavior include changes in 
ively to emotional states 
g increased emotional 
names indicating 


concepts. 
Usually descriptions of frustrated 
plied descripti 


emotional tone. The terms ap. 
fall into two classes: (1) names indicatin, 
tone, e.g., fear, anger, hate, excitement; (2) 
decreased emotional tone, ¢-8- apathy, dejection, ennui, lethargy- 


For our purposes these reported changes in emotional tone may be considered 
changes in motivation. I rms may be used 


n our discussion the te 
interchangeably, with high emotional tone names meaning high 
motivation, and low emotional tone names indicating low motiva- 
tion, This conception may run counter to well-established habits 
of thought. At present, all that is asked is that the above point 
of view be kept in mind as we examine results 


from frustration 
and conflict experiments. At the end of the next chapter, after 
y to examine experim 


we opportunit ental evidence, 
we oat a aE ie for the identification of motivation with 
1R laa of the chapter. One of the major methodological probleme 
in studying frustration is analyzing the capa 2 mpc 
whether or not behavior deviations are produced. n e p A F e 
present chapter will be concerned with this pro ug n3 s y, 
however, we must get an over-all picture of methods whic aye 
been used to block -directed responses, and aeai also 
preview the ,esponses which E usually looks. e chapter 


follows this sequence: 


goal 
for 


wo sources, one centered 
ssor Kurt Lewin and his 


called group dynamics. 


stemmed from t 
nd the late Profe: 


* Most of this experimentation has 
commonly been 


at Yale University, and the other arow 
students. The work with groups of Ss has 
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1. Methods used to produce frustration 

. Major responses to frustration 
A Methods of response measurement and analysis i 
4 Stimulus variables influencing responses to frustration 
5. Final considerations 


METHODS USED TO PRODUCE FRUSTRATION 


Interference with primary motive. Anyone who has tried to 
take a bone from a hungry dog knows that even the friendliest 
animal may show considerable irritation at this treatment. This 
behavior results from interference with goal-directed behavior. 
The most nearly analogous experimental procedure with humans 
has consisted in literally taking milk from a baby. Hungry infants 
were allowed various amounts of milk and then the bottle was 
taken away (248). The infants’ reactions were observed to deter- 
mine the relationship between strength of motivation (assuming 
that the more the baby had drunk the less the motivation) and 
reactions to the interference. 

In another experiment interference with a primary motive was 
accomplished by forcing adult Ss to stay awake all night under 
rather trying circumstances and then noting their various reactions 
(341). The sleep motive can become very powerful, and inter- 
ference with its satisfaction may result in deviant responses indicative 
of frustration. 

Physical obstructions. This method is not easily employed 


with adult $s, but is commonly used with children and animals. 
Even so, one experiment (101) 


has been reported in which adult Ss 
were frustrated by physical barriers. These Ss (in groups) were 
placed in an attic room, Unknown to them the exit door was 
locked. E arranged to have a fire “break out” and then observed 
reactions through a one-way screen in the roof. This situation is 
probably the nearest to a Panic situation that has ever been set 
up in the laboratory. 

In working with children, E places a physical barrier between 
the child and a much-desired object. In one Study (10) children 
were allowed to play with a collection of new and interesting 
toys for a few minutes. Just after the child had become engrossed 
in the new toys, he was remo 


ved to the other end of the room 
and a wire-mesh screen dropped as a barrier Preventing his 
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reaching the toys, but not from seeing them. In another instanc 
the toys were placed under a box which was too heavy for the 
child to move (188). Most children will not remain calm and 
dispassionate in such situations. 

In working with animals the obstruction technique is common, 
For example, young chimpanzees were taught to find food in 
cans moving along an endless belt. After this “expectancy” was 
well established a trap door would close over the can just as the 


animal reached for the food (143)- 
Note that in the above situations 
reaching the goal. This represents a major difference between a 
frustration situation and a simple learning experiment. In a learn- 
ing situation, such as a maze, there are obstructions between the 


animal and the food, but by appropriate search the animal can 
eventually reach the food. Thus, the usual learning situation may 
be thought of as one in which the organism is temporarily blocked 
and the frustrating situation one in which duration of blocking 


is somewhat longer. 

Artificially producing failure. 
adult Ss, producing failure usually involves, 
self-esteem motive, or, if you prefer, the blocking of an ego 
There are several ways by which this may be accomplished. 

1. Setting Unobtainable Standards. This method uses situations in 
which it appears to that he should be able to complete a task 
or solve a problem, put actually he can’t. In one experiment a 
tapping task was used (1). In this test S held a metal stylus in 
his hand and attempted to tap 4 steel plate as rapidly as possible 
(the movements were vertical). Each tap completed a circuit to 

«on E set another counter 


To produce frustration 
i greater than S could 


d. S was instructed to 


Ss are totally prevented from 


With human $s, especially 
interference with the 
-motive. 


so that it would r 
drive his counter by tappin 
keep up with the pacer counter. ; 2 
In another experiment children were instructed to learn a series 
ojected on a screen, one 


of numbers (186). The numbers were pr 
at a time, with $ trying to anticipate the number before it ap- 
peared. The series W: d until $ could anticipate correctly 
all the numbers in the series. This training program continued 
with the number series gta i de more difficult by 


increasing their length. $ was able to learn each series, however. 


a: 
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: tration day, E made the series still longer and 
pao paon a trial oe certain digits in the middle of the 
series so that it became impossible to learn. Since the series was 
quite long, and since S had been successful in learning on previous 
days, E was able to do this in most instances without $’ 
that he was being hoodwinked. ; ; 

2. Falsifying Scores. This method may be used in conjunction 
with the level-of-aspiration technique (see previous chapter). S is 
asked to indicate what score he is going to make on the nex 
E then reports to S that he (S) failed to score as h 
aspiration. For example, in one experiment Ss sorted playing cards 
into four boxes, one for each suit, as fast as possible. On each suc- 
cessive trial they were asked to estimate what score they hoped to 
make on the succeeding trial. Regardless of the score actually 
made by S, E consistently reported it lower than the aspiration 
score (336). The method may also be modified by telling S that he 
must make a certain score before the experiment is complete, and” 


then by falsely reporting the scores, seeing to it that $ never 
reaches that score, 


s suspecting 


t trial. 
igh as his stated 


This method 
defensive measures are taken by Æ. 

4. Combinations of the Above. Es have com 
situation by using several methods simultan 


(412) S was given a relatively simple tas 
following conditions: 


pounded the frustrating 
cously. In one procedure 
k to perform under the 


given’ electric shocks whenever his 
our standards.” Then he was given shocks 
Periodically regardless of how well he did. 


Oooo 
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Procedures (b) and (c) above require that S perform in a situation 


which is extremely distracting. Extreme distraction may by itself 


be used to produce frustration even without such additional factors 
as telling S that the task measures intelligence, that people are 
watching, and so forth. The requirements are only that $ be 
each a goal and then encounters conditions which 


motivated to r 
m reaching that goal. 


markedly retard or prohibit him fro 
Creating a conflict situation. When stimuli for two incom- 


patible response tendencies are present simultaneously, we have 
a conflict situation. We will consider conflict one means of inducing 
frustration, and because of the distinctive nature of the work we 
will allot the entire next chapter to its study. 

These, then, are the major methods which define the stimulus 


situations evoking deviant responses and allow us to say that frus- 
ils of the methods will be brought out in 


tration is apparent., Detat 
the material to follow. 


FRUSTRATION 


t behavior should be 
ses 


MAJOR RESPONSES TO 
on wha 
No classification of respon: 
here are certain mechan- 


There is no general agreement 
expected in a frustrating situation. 


has been generally accepted. However, t char 
isms of adjustment (learned response patterns) which arise 1n 


most frustrating situations and with which we should be familiar 
before examining the methods of measurement. Knowing these, 
we will at least have an idea of what Es are looking for. Some of 
the names have their origi alytic literature, and the 
experiments reflect in part the y experimental psycho- 
logists of objective evidence fo chanisms derived from 
clinical case studies. We will ind chanisms 


and give a brief description of the be 

1. Aggression. In its most restrict 
the tendency for $ to attack the sou ) 
hostility and is often accompanied by emotional states of anger 
or hate. We,will, however use the term in a broad sense. In our 
society aggression will often take much more subtle forms than 
those of direct attack. The aggression may be displaced or projected 
away from the actual source of blocking- 

Ina theoretical outline to guide researc 


e: 
n in psychoan 
pursuit b 
r the me 
icate only the major me 
havior they symbolize. 
ed meaning this term refers to 
rce of blocking. It indicates 


h in the area of frustration, 
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a group of Yale University | psychologists postulated that in- 
hibition of direct aggression is due to fear of punishment (81). 
While it has been difficult to get experimental verification of this 
principle, there is every reason to believe that it represents a 
fundamental relationship. Anecdotal evidence will give abundant 
support to the hypothesis. Enlisted men seldom strike an officer, 
yet as many can testify, there have been situations in which the 
impulse to physical attack was certainly powerful. For some reason 
this impulse was inhibited, probably by the knowledge or experience 
of the punishment which one receives for such attacks, Overt 
physical aggression, of course, will seldom break out in the experi- 
mental situation. Instead, the aggressive impulses will show them- 
selves in indirect ways. 

2. Withdrawal. Another way of reacting to a frustrating situa- 
tion is to get away from it. This may involve actual physical 
withdrawal or it may take the form of a psychological withdrawal. 
Of the latter, we may identify three kinds. 

a. Regression. Regression means a “going back” 
the fact that organisms under stress may revert 
that was appropriate at an earlier age level, Ex 
psychotic regression show adult 
their play habits and speech. Shee 


a form of regression. Needless 


- This refers to 
to a behavior 
treme cases of 
patients behaving as children in 
T physical withdrawal itself may be 
to say, such extreme behavior as 


motivational deterioration and will 

occur after rather prolonged 

often found as a concomitant response. 
c. Repression. This word is used to describe the inordinate forget- 

ting which may result from anxiety-producing Situations. It is as 

though painful anxieties are avoided by “ignoring” the situations 

which evoke them. 
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3. Fixation. In certain frustrating situations, usually involving 
se tendencies may become very strong 
do not become as resistant to change 
these fixations may be considered 


intense punishment, respon 
and rigid. Since responses 
in the ordinary learning situation, 
deviant responses. 

4. Miscellaneous. 
ones produced experimentally. 


The above mechanisms are the common 
A few miscellaneous mechanisms 
will come up in our discussion. Most, but not all, mechanisms are 
adjustive in some degree because they tend to protect the indi- 
vidual from failure in one way, if not in another. Rationalization, 
for example, tends to accomplish this by providing excuses for 
behavior. On the other hand, blocking of goal-directed behavior 
may in some cases result in excited, tense behavior which shows 
little finesse or rationality. Problems are attacked without de- 
liberation as if in effort to solve them by sheer force. Such a response 
may be described as a bulldozing response and appears to be relatively 


non-adjustive- 


It must be cl isting of response mechanisms 


ear that the above 1 
tem. The concepts are offered 


is not intended as a classification sys 
only as a descriptive guide to help us in understanding the results 
of experiments which will be presented in this and the following 
chapter. Operational definition of the mechanisms will be given 


via description of the methods used to measure them. 


METHODS OF RESPONSE MEASUREMENT AND 
ANALYSIS 

ponses which result from frustrating 

le by any means. They are not always 


behavior segments which can be categorized and therefore counted; 
they are seldom rig nor can they be recorded by 


i . Ex erimentation in this area is still largely 
mechanical means p A aed! pated 


swonder-what-woul 
some have proven 


nt have been tried; 
t. This section will give an over-all perspective 


Unfortunately, 
situations are not simp 


techniques of m 
successful, others no 
of these methods. 


s of Verbal Responses 


Jelland and 
nses to frus 


Analysi 
Apicella (227) illustrates a 


i t by McG 
An apenn y tration entirely on the basis 


method of analyzing respo 
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of verbal behavior. The purpose of the experiment was to produce 
and classify as wide a range of verbal responses to frustration as 
possible. First let us understand the stimulus situation. 

The immediate E in this experiment was an undergraduate 
student who stood in somewhat prestigeful position with other 
students. He asked a group of them to serve in his experiment, 
to help him get through a course in psychology. Some were good 
friends, others were only acquaintances of E. In any event, “the 
subjects were motivated to perform in such a way as to please 
him” (p. 377). 

The task used was card-sorting. Ss were told that they would 
finish whenever they were able to sort the deck in 45 seconds. 
The level-of-aspiration technique was employed, S estimating 
what score he would make on each successive trial. E, in reporting 
the scores to S, falsified them so that on two out of every three. 
trials S did not attain the aspiration score. This alone is supposed 
to bring feelings of failure and frustration. In addition to this, 
however, E made sarcastic comments about S’s poor ability. These 
comments were of four types and are worth quoting to get a 
clear picture of an unusual experimental method. The remarks 
refer to what E said to S at various times during the card-sorting 
trials, 


a. Calling attention to failure, e.g., “Not too good, you scréwed that 
one up, failed that time, that’s one failure.” These comments grew more 
intense as the failure continued. “That’s four times you flunked. That 
stinks,” 

b. Comparing the subject, to his disadvantage, with the group, ¢.g., 
“Yov’re far the worst I’ve had yet.” 

c. Complaining that the subject is ruining the experiment, e.g., ““You’re 
ruining my whole experiment, G— d: it! G—, I’ll never pass 
this course with these lousy results,” 

d. Becoming aggressive toward the subject and attacking him directly: 
“You dumb b—. You failed, you stupid s—.” (p. 378). 


Two groups of 14 Ss each were run. The second group was 
subjected to even more severe comments than those indicated 
above. This was done in an attempt to produce a greater variety 
of responses. 

The responses recorded were the verbal reactions of $ during 
and between the card-sorting trials. This recording was done by 
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m and by another Æ who listened through 


hidden microphone in the experimental 
al reactions which could 


E in the experimental roo 
a speaker attached to a 
room. Of the 28 Ss, all but one gave verb: 
be classified. The mean number per S was 6.46. i 

After examining the responses, E devised a classification system 
for categorizing the recorded verbal reactions. The implication 
of each statement was studied and placed in one of the various 
categories. The question immediately arises as to the reliability 
of the classification. Unless there is high agreement among different 
judges, the implication of the response is statistically ambiguous. 


Although no thorough check was made by having several 
s, the two Es agreed very 


neutral judges classify the response 
closely concerning the categories into which reactions were 
tion table and illus- 


placed. 
roduce the entire classifica 
but a small portion 


We shall not rep e 
trations as they are given in the original report, 
is shown in Table 15. 
TABLE 15 
CLASSIFIED 


HAVIORAL CATEGORIES AND REMARKS SO 
EXPERIMENT (227) 


ILLUSTRATION OF BE 
IN THE McCLELLAND-APICELLA 
Sample Remarks 


Aggressive Responses : $ 
fs “ I’m good! J 
Directed at Self ee ee Í failed you $ w 
Directed at E «oome here, YOU f P 
» YOU don’t take this stuff!” 


Directed at Cards 3 
Directed at Psychology es bo th pest I can do.” “I can’t get 
"s “ Z t the a 

Withdrawal Responses ‘ar eHave I got to stay here ’til I get 45?” 
“You couldn’t take me away from this for 

awhile?” i É 
‘ ae & uld do better if I co dn’t see you.” ST 
Rationalization didn’t get enough sleep last night.” “It’s too 


tion we must include 


i finition of frustra 
jons are measured. This would 


ng at the same task but having no frus- 

A third group of 14 Ss served 
While the classification of 
it is mentioned 


According to our 
some norm from 
be a control group W 
tration techniques appe 
as such a control in this € 
the verbal reactions of this 


orki 
lied to them. 
experiment. 
group is not given, 
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that only 26 verbal reactions were given by all Ss in the group. 
Compared with the mildly frustrated group which gave 50 responses, 
and the strongly frustrated group which gave 131 reactions, there 
can be no doubt that the technique produced deviations in verbal 
behavior. It is presumed that not only is there a deviation in 
number but also in kind and intensity. 

The frequency with which a given kind of reaction is reported 
depends upon the reliability of a classification system as well as 
its structure. Because of this, amounts and kinds of reactions to 
frustration in any given experiment must be interpreted cautiously; 
also, inter-experimental comparisons are almost impossible. In 
this particular experiment, by combining categories to allow a 
liberal definition of aggression, it was shown that 40 per cent of 
the responses in the first group were aggressive in nature as were 
48 per cent in the second group—the one most severely treated. 
About 12 per cent of the responses were classified as withdrawal 
responses in both groups, with the remainder scattered among 
several other categories. 


Analysis of Verbal and Motor Responses Combined 


In the previous experiment behavior was analyzed on the basis 
of verbal responses, with little attention paid to other behavior. 
Since a verbal response may have different meanings in different 
contexts, additional aid in interpreting the reactions should be 
given if non-verbal behavior is recorded simultaneously. This is 
the method used by Zander (426) on 34 fifth- and sixth-grade 
children. 

The method used by Zander consisted in presenting S with a 
problem which he would fail to solve because the problem was 
insolvable. For three days S learned series of digits flashed on a 
screen. One digit at a time was shown and S was given 3 seconds 
to guess what the next number would be. By repeating the series, 
S could anticipate the numbers before they were shown. On each 
of the three practice days which consisted of 15-minute work, E 
made the situation such that all Ss were successful, i.e., they 
learned all series. The length of the series was increased gradually 
on the first three days until on the fourth day it was made long 
enough so that E could change a digit or two in the middle of 
the series from trial to trial without S’s suspecting. This, of course, 
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forced failure. If we consider the first three days as control days. 
and the fourth day as experimental day, comparison of behavior 
on the control days with the experimental day should give a 
measure of frustration. 

The behavior of S was recorded by an observer seated in the 
à m. The observer was known to the children, and 
since most of them had been used in other experiments, they were 
accustomed to being wavhed and tested. The observer wrote 
down everything S did and said. In addition, three “time samplings” 


of gestures and other signs of bodily stress were made during each 
i in length, taken 


experimental pe: 
during the 2nd, 
Time sampling is based o 
is based; namely, truly ra 
to the population (total behavior) fro’ 
Both the general observations, taken throughout the 1 5-minute 
period, and the time-sampling data were used in evaluating the 
effect of the stimulus situation. 

In analyzing effects of failure, the protocols for each day for 


each child were scrutinized, with verbal behavior taken in con- 
junction with non-verbal behavior. A classification permitting the 
calculation of per cent of Ss showing a given kind of behavior 
was evolved. E made the judgments concerning classification. 
Some of the data are sh 


experimental roo 


5-minute period. 
hich all sampling 
alize 


own in Table 16. 


TABLE 16 
Per Cent oF SS SHowmnc ‘VARIOUS REACTIONS TO FRUSTRATION IN 
ZANDER’S EXPERIMENT (426) 

Behavior Ist Day 2nd Day 3rd Day 4th Day 
ie SS eee Oe ee a 
Aggression 20.0 a ae ee 

i i 5.7 . . i 
Withdrawing end 342 36.0 rit 


Non-Adjustive 


Withdrawing behavior was assumed in cases where there was 
jon, pouting, crying; and reduced volume of voice. Non- 
as that which we have 


inattent! 

adjustive behavior W: j i 

called bulldozing behavior was illustrated by blushing, sighing, 
1 bodily tension. 


intense effort, and genera. 
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It will be noted in Table 16 that there is marked increase in 
withdrawing on the fourth day and some increase in non-adjustive 
behavior. Zander indicates that the coöperation with Æ dropped a 
great deal on the last day, indicating an indirect manifestation of 
withdrawing behavior. The situation took on some frustrating 
aspects even before the fourth day. For the most part the children 
did not like the task and actively resisted serving as Ss. Table 16 
shows little evidence of an increase in aggression on the fourth 
day. However, Zander presents information suggesting that 
aggressive tendencies were present even though they were not 
evinced in the experimental room. For example, one boy, after 
the fourth session, returned to the classroom and immediately 
started a fight, although he had shown no aggressive behavior in 
the experimental room and the teacher indicated that starting 
fights was alien to his usual behavior. It is worth noting also that 


Zander became extremely unpopular among the students in the 
school. To quote him: 


Individual cases of hitting the writer, making faces at him, calling 
names, aggressive remarks, and even kicking him were frequent during 
the weeks of the study, happening at least once a day as he passed through 
the class room or the hall (p. 26). 


‘It is difficult to establish definitely that the source of these rela- 
tively uninhibited aggressions was the frustrating experimental 
d been exposed, but it is a 


Í 3 it is presumed to allow 
z ; ae cies. For example, a boy says that a 
neighbor's son is trying to “beat up on him.” This might indicate 
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the attribution to anoth i i 

self feels. Descriptively, j : E TA paes ri a 
others, he himself gets rid of it. In a previous chapter (VI we hi 2 
seen how motivation may influence one’s perception. Haat 
y a function of the objective situation. Now, if 


sees is not solel 
ssion because direct, overt 


there is a tendency to displace aggre: 
aggression is punished in our society, and if frustration produces 
aggression, and finally, if our perception is influenced by such 
aggressive tendencies, it might be worth while to frustrate indi- 
viduals and provide a standardized medium through which 
aggressive tendencies might be filtered. The projective tests may 
be used for such purposes. 

The best known of projective tests is the Rorschach Ink Blot 
Test (14). Ss are shown a series of ink blots and are asked to indicate 
what they “‘see” in these blots. After such a test is given to a great 
many people, norms can be prepared, and responses which are 
rarely given may be considered deviant responses. Another pro- 
jective test is called the Thematic Apperception Test (266). This 
test consists of a series of pictures, usually suggesting @ traumatic 
situation. For example, one picture shows a surgical operation in 
progress, with a young man the dominant figure. Another shows 
a lad on a couch with a pistol nearby. S is asked to write or tell 
a short story around each’ picture. Whether or not the story- 
response is considered deviant depends upon how much the 
central theme of the story differs from stories told by others. The 
Thematic Apperception Test was used in the following experiment 


conducted by Bellak (15): 
Ten pictures and 10 adul 
failure was introduced, and then 
the themes of the first 5 stories 
5? In order to get a scientific answe 
have to consider the story-evoking Pow’ 
Do we know that the five cards first used evoked stories com- 
parable to those evoked by the second five? Unless this problem is 
considered, differences in the stories before and after frustration 
might be ascribable to the cards as such and not to the frustration. 
handle the problem: (1) Two equivalent 
-out. If it can be 


There are three ways tO ble 
sets of cards may be discovered by empirical try- 
shown that themes wri ound the two sets are fundamentally 


S was given 5 cards, 
5 more cards were given. Will 
differ from those of the second 
r to this question, we would 
ers of the cards as such, 


t Ss were used. 


tten ar 


16 
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equivalent, one set can be given before frustration, the other after. 
(2) If it is shown that the same set of cards is responded to ka 
approximately the same fashion on two successive occasions with- 
out intervening frustration, or if the amount of change from one 
testing to a second testing is known, then the same set of cards 
could be used before and after frustration. (3) The cards may be 
counterbalanced, as was done by Bellak. Five Ss were given cards 
1-5 before frustration and cards 6-10 after frustration. Five other 
Ss were given cards 6-10 before frustration and cards 1-5 after 
frustration. Thus, each card was used equally often before and 
after failure, and differences in the responses for all 10 Ss com- 
bined cannot be attributed to differences in the cards themselves. 


After the start of the experiment, the following instructions were 
given S: 


This is an opportunity for free imagination. I want you to make up 
a story. Tell me what has led up to the situation shown in the picture, 
describe what the characters are feeling and thinking, and tell me what 


the outcome will be. Speak your thoughts out loud as they come to your 
mind. Use your imagination freely, and make up anything you please 
(P. 356). 


After each S had told stories for 5 cards, E frustrated, or at 
least attempted to frustrate him by telling hi 


im that the stories 
were almost the worst he had ever heard. Then the other 5 cards 
were given, 


story. The mean number of 
was 12.6, after frustration, 23.7. Testing this for significance a 
difference so large would be 

true difference were zero, 
situation, imposed after th 
increase in the number of 
the expression of these ten 


y Rodnick and Klebanoff 
Projective-type test a promising 


instrument for measuring reactions to frustration. 
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Measurement by Questionnaire and Ratings 

rimarily in the hope that it would 
sponses. The rationale of the 
for example, S rates a series of 


This method has been used p 
measure displaced aggressive re 


method seems sound. Supposing; 
professions according to the esteem in which he holds them. Let 


us indulge in a little wishful thinking and say that psychology 
ranks at the head of the list. Now,’ this group of Ss is subjected 
to a very frustrating situation by a psychologist. Immediately 
after, Ss are asked to rank the professions again. It is reasonable 
to suspect that psychology would no longer be at the top. The 
assumption would be that frustration by a psychologist generated 
aggression toward psychologists as a whole and that this would 


be reflected in the ratings. 
The method, however, has not always been successful. We shall 
consider one illustration in which the method has proven dis- 


criminating and another in which it has not. 

Displaced aggression in an attitude questionnaire. The 
31 Ss used by Miller and Bugelski (261) were workers at a summer 
camp, their ages ranging from 18 to 20. The frustrating situation 
.to which they were subjected is described as follows: 


As a part of the educational program of the camp they were going 
to be required to take some long, i 4 tests most of wi were 
so difficult that everyone would be bound to fail misery Furi hemere 
th b nat the yo 

ory t won i the most interesting event F 
the otherwise dull week: — ae ides 
with special eagerness on i 

had won $200.00 the prec 


use one mem! 


An attempt was made to measure the displaced segren 
generated in this situation by determining the attitude RH 
toward Japanese and Mexicans before frustration and again after 
frustration. Even before the war, when the experiment was per- 
formed, Mexicans and Japanese were considered by many to be 

out-groups and prejudice existed toward them. 
Attitudes toward these two groups were measured by a check 
desirable and 10 undesirable. 


list of 20 traits, 10 of which were < d 
Ss were asked ta jndicate a plus if they considered that these 


8 EXPERIMENTAL PSYCHOLOGY 
21 ) 


traits were present in the ini 
were not to check the words w 
desirable traits are Sriendl; 
traits, dirty, stubborn, 
events took place: 


e Mexican (or Japanese). They 
ich didn’t apply. Examples of the 
» Smart, and patient, and of the i 
and dangerous. The following sequence o 


a mean of 5.71 
frustration, 4.11, 


tration, 3.26, The 
significant, It is Necessary, of 


that occur wi 


) showed slight 
> Le, a slight 


ts (People) which ha 


d nothing t 
> Hence, evidence fo 
aggression, 


o do with the 

T generalization or displacement of 

Failure of Paper and pencil tests to easure Egression. 

n an experiment by Sears, Hovland, a Miller (341), paid Ss 

e ai art Bune laborat Ty for an all-night study of the 
is $ 

were confined in A nas aaa At me la a Si 

moke, were Promised cals at s tim Sae a pred i 

and were, for various Periods, Tequire i Hi cals came, 

form o; Amusement, Such conditi, P iled 3 without any 

of the night, and ere not allo sle: cra tt moat 

Pencil tests were tered befo tk ever Paper and 

again late in the night at a tim ‘hen frustratio, OP Period and 
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near a peak. These tests i jecti 

such factors as the i. Sue aes Seg ee ‘ed 
traits, the amount of annoyance radic db pa a 
a P ed by common happenings, 

Es were unable to find any evidence of frustration reactions 

measured by these pencil and paper tests. There was no a 
of increases in amount of aggression, yet from observation, a oe 
sion was clearly evident in Ss’ behavior. It was Es’ belief i 
two factors operated to prevent the aggression from Seca 
itself in the tests: (1) the social situation, in which faculty ae 
ere i may have produced marked inhibition of 
aggression in these paid Ss; (2) the tests themselves may have 
acted as stimuli to induce a “test set,” by which habitual patterns 
of behavior were reinstated, obscuring or replacing aggressive 


bers were in charge, 


tendencies. 
That the situation did produce some aggression is supported by 
the following incident summarized in another report of the same 


experiment: 
oduced two sheets of drawings in which violent 
d in an unmistakable manner. Dismembered 


and disemboweled bodies were shown in various grotesque positions, some 
drowned, some hanging, some merely stabbed and bleeding, but all 
portraying shocking injury to the human body. Furthermore, when the 
creator of these pictures was asked by another subject, who the people 

rawings were, he replied, “Psychologists!” And his 


represented in the d 
fellow sufferers were all obviously amused (81, p. 45). 


. . „one of the subjects pr 
aggression was represente 


It is the opinion of these Es that time samples or records of 
actual behavior in the frustration situation (as represented by the 
above incident) will in the long run be more valuable than paper 
and pencil tests as measuring instruments. The study itself suggests 
that college students will inhibit, or at worst, displace, tendencies 
of aggression toward faculty members. That is fortunate. 


n Terms of Performance Changes 

answer the question: “How does frus- 
n a standardized task?” The method 
d simultaneously with deviations dis- 
or withdrawal. Nevertheless, an 


Measurement i 
_ This method attempts to 
tration affect performance © 
may or may not be concerne 


cussed thus far, €-8- aggression 
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answer to the question is important for the better prediction of 
nani eae children. A study by Barker, Dembo, and Lewin 

is somewhat hybrid with regard to placement under a given 
(zo) i thod of gathering the data illustrated continuous 
method. The metho 8 f i ae 
recording of behavior during frustration, but the major quantitative 
index concerned performance level. 

The 30 pre-school children used in this study ranged from 28 
to 61 months of age. Before starting the experiment Es spent 10 
days at a pre-school getting acquainted with Ss and taking part 
in their activities. No S was used unless he wanted to go to the 
experimental room. Each S served in two sessions. On the first, 
he was brought into the experimental room to determine his 
behavior under non-frustrating (control) conditions. Toys were 
available, and for 30 minutes the child played with these toys 
without E’s participating except as necessary to make the child 
feel secure. E, for the most part, sat at a desk and recorded a run- 
ning account of the child’s play. An observer behind a one-way 
screen independently recorded what happened. The observer and 
E alternated in their réles from S to S. 

When the child arrived for the second session he found that an 
opaque partition in the experimental room had been removed and 
that behind this partition was a group of new and exciting toys, 
including a large and elaborate doll house, a small lake with an 
island, lighthouse, beach, ducks, etc. The toys with which the 
child had played on the preceding day were scattered among 
the new toys. $ immediately became engrossed in the new toys. 
After E was sure that the child had seen all the new toys and was 
thoroughly enjoying himself with them, he picked up the old 
toys (the ones used on the first day) and took them to the other 
end of the room (the section used on the first day) and placed 
them just as they had been previously. Then the child was asked 
to come and play with the old toys. After the child had left the 
new toys for the old ones, a wire-mesh screen was lowered to cut 
off the end of the room holding the new toys. E, at this point, 
said only: “You can play on this side now” (p. 60). The child 
could now see the new toys but could not get to them. This con- 
stituted the frustrating situation. $ remained in this situation for 
30 minutes, exactly the amount of time spent in the same room 
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during the first session. Deviant behavior was determined b 
comparing behavior on the first day with that on the second. 3 

The basic measure used to determine change in pecloruiseee 
was called “constructiveness of play.” This is defined as “the 
degree of creativeness, elaborateness, or complexity of an activity” 
(p. 102). Obviously, a two-year-old child does not play in the 
same manner that a five-year-old child plays. The older child is 


drawings are more complete, and his imaginal 
aborate. Thus, constructiveness 


e as chronological age increases. 


more creative, 
processes in general are more el 
of play, if quantified, should increas 
Furthermore, since mental age normally increases with chrono- 
logical age, all three measures—constructiveness of play, chrono- 
logical age, mental age—should be highly correlated. Finally, if 
regression occurs in this situation, it might be measured in terms 
of lower constructiveness of play in the second experimental 
period as compared with the first. This would indicate reversion 
to a form of behavior appropriate to an earlier age level, or 
primitivation, as it is called. The immediate problem, then, is to 
determine reliable index of constructiveness of play. 

In order to quantify the play index, units of behavior for each 
child were typed on cards. Note that these were units of behavior; 
not time units. Thus, if a child spent 100 seconds playing with a 
doll and then moved on to play with a truck, the play with the, 
doll constituted a unit of behavior. The same would have been 
true had the child spent 200 second playing with the doll. Typed 
on the card for each unit of play was the merged account taken 
from the independently written records of the two Es. Three 
judges conferred on the behavior indicated on each card and 
ranked it along a seven-point constructiveness-of-play scale. Each 
rank order was assigned a numerical weight, with two being the 
lowest weight and eight the highest. These two extremes may be 


illustrated from the protocols: 
Low constructiveness, numerically 2: 


trailer in hand” (p. 102)- : 
High constructiveness, numerically 8: “Detaches trailer, uses it as incline 


against ironing board. Runs truck up, carries it farther and farther, and 
lets it go. Looks to experimenter for approval, smiling. ‘Did you see it? 
Now watch it.’ Pushes truck across floor, big push. Hits E. ‘See how fast 
it goes!’ ‘Chugs’ it over to observer’s window, looks underneath, ‘Chugs’ 


to table, to barrier, 205 seconds” (p. 104). 


“Sits-on floor and takes truck and 
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e Cc i s own to have high 
Th onstructiveness-of- play scale was sh 

liability, i.e 3 behavior units would be rated about the same at 
re. Y, 1.€. 


» a frustrated five-year-old child 
Onstructive as a nonfrustrated three-and-one- 


i a stimate the amount 
n point, however, is that for adequate 
group must be used as a base from which 
an experimental group can be measured. 
report contains many other references to frustra- 
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tion in terms of aggressive behavior, emotionality, and so forth. 
but this in no way demands that regression take place. é 

Frustration and mental age. The data above suggest that if 
we measured directly we would find a decrease in mental age as a 
consequence of a frustrating situation. This hypothesis has been 
put to test by Lantz (210). 

Ss were school boys with a mean chronological age of nine and 
one-half years. All experimentation was done individually after 
proper rapport with each S had been established. First all Ss were 
given a part of one form (L) of the Stanford-Binet intelligence 
test. Then, one group was allowed to succeed at a game and 
another group was failed. Immediately after success or failure 
both groups were given another form (M) of the intelligence 
test. Data were also available on a third group which had taken 
both forms of the test with neither success nor failure intervening. 
Let us summarize the procedures for the three groups: 


GroupI (N= 107) Form L... Succeeded at Game . . . Form M 
Group II (N = 105) Form L...-- Failed at Game...-- Form M 
.. Form M 


Group III (N = 108) Form L 
TABLE 17 


Errect or Success AND FAILURE (FRUSTRATION) 
Test SCORES 


ON INTELLIGENCE 


Form L Form M 
Group ——E a 
M S.D. M S.D. 
I 6.31 2.04 7.60 1.44 1.29 
Il 5.56 2.11 5.46 2.02 —.10 
Ill 93 | 2.2 6.83 1.99 .90 
i Bia lS rmm. 


~ Data from Lantz (210) 
basic results. Let us examine these carefully. 


h could be made on either test was 9. We 
for Group I is 6.31 on Form L whereas 
.75, is significant 


Table 17 shows the 
The total score whic 
note that the mean score 
the mean for Group II is 5.56. The difference, 
statistically, i.e., if. the true difference between the groups were 
zero, a difference this large would be expected only once in 100 
times by chance. In short, the two groups were different in per- 


formance before the variable was introduced. 
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What could account for this difference? There are two pos- 
sibilities: (1) the two groups were not random samples from the 
same population, or (2) Æ treated the two groups differently 
when administering the first test (Form L). The second inter- 
pretation is a possibility since other data show that the two groups 
were roughly equal on a full-fledged intelligence test. Why would 
they be equal on one intelligence test and not on the other, assum- 
ing the correlation to be high between the two? We cannot tell 
which interpretation is correct, and Lantz has not attempted to 
account for the discrepancies. In our evaluation of the data in 
Table 17 we must bear these initial differences in mind. 

Group III is a control group showing how much change would 
be expected on the basis of practice alone in taking the two tests. 
The increase in performance from the first to the second test is 
evident. However, it is noted that Group I increases somewhat 
more than Group III, whereas Group II shows a decrease in per- 
formance on Form M as compared with Form L. Thus, in spite 
of the initial differences in performance on Form L, Lantz is able 
to conclude that scores on an intelligence test changed significantly 
as a consequence of her two conditions, success and failure. The 
depressing effect of failure seems to be greater than the enhancing 
effect of success. 

E also had an independent observer rate S’s behavior on certain 
characteristics. In taking the second test, the failure group was 
rated as showing significantly lower motivation than the success 
group. In general, from the descriptions given, one obtains a picture 
of apathy in the failure group, although other characteristics such 
as anxiety, restlessness, and antagonism were observed. 

Bulldozing responses and performance. There is probably 
considerable truth in the belief that under strong emotional stimula- 
tion (such as anger) rational solutions to problems occur with’ 
less frequency than during moderate emotional states. The pro- 
cedure to be considered illustrates what may happen to per- 
formance in a frustrating situation where bulldozing activity and 
emotional excitement are also present. There are four experiments 


oe two by Hamilton (135, 136), and two by Patrick (282, 
283). 


Hamilton’s experiments were designed as comparative studies 
on the problem-solving ability of various organisms. Patrick was 
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able to reproduce Hamilton’s results on humans and then in the 
major experiment added the frustration condition to determine 
what influence this had on problem solving. 

The problem situation devised by Hamilton is represented in 
Fig. 34. Since Hamilton worked with humans, rats, cats, monkeys, 
dogs, and horses, the situation in terms of apparatus size and door 
opening detail varied somewhat to fit the organism, but the basic 
problem remained the same for all. The essential features are four 
doors which are at an equal distance 
from the entrance to the enclosure. 
From our standpoint the problem is 
quite simple. $ was brought into the 
runway and required to find exit 
from the enclosure. Only one of the 
doors was unlocked on each trial. 
The only “‘system” involved was that 
the same door would never be un- 
locked on two successive trials. Thus, 
if door one was unlocked on trial 
d be locked on trial two. 


one, it woul 

On trial two, one of the three other Fic. 34. Problem situation 
doors would be unlocked, which one devised by Hamilton (135) and 
being determined on chance basis. also used by Patrick (282, 283). 
On trial three, the door unlocked on 

locked, but one of the other three unlocked, 


trial two would be 


and so on. 
As a result of his studies with various animals, 


five types of solutions used with some consistency: 


Type A. S avoids door which was open on previous trial and goes in 
he other three, trying cach only once. This is considered 


Hamilton indicates 


regular order to t 
the best solution. 


Type B. S tries 


all four doors once in irregular order. The door open 


on previous trial was not necessarily avoided. 
Tope C. S tries all four doors once in regular orde: 


door which was open on previous trial. 
Type D. S tries one door more than once but only after trying another 


door. Thus, door one is tried, then door two, then back to door one. 
Type E. S tries same door several times before moving on to another 


one. 


r. S does not avoid 
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These solution types, from A through £, may be thought of as 
indicating the range from the most adaptable to the least adaptable 
behavior. Humans, on successive trials, exhibited a large propor- 
tion of A solutions, while gophers, for example, had a high pro- 

f i E-type behavior. 
paea ied exclusively with college students. As control 
behavior, he recorded the solution types used by 6 Ss on 10 trials 


60 Humans: Normal 
Humans: Frustration 
—-—Rats: Normal 


50 


w 
ò 


Per cent Frequency 


N 
o 


10 


A B c D E 
Type of Response 


Fic. 35. The effect of frustration on problem-solving ability. Data from Patrick 
(283) and Hamilton (136). 

a day for 10 da 

the same rate but under extremel 


t c did not block the goal response as 
such, but did provide an extremely distracting and irritating state 
of affairs. 


That the behavior of the studeni 
of the unusual treatment is evidence 
the relative frequency of the five 


ts changed as a consequence 
d in Fig. 35. One curve shows 
solution-types on the first 100 
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control trials, in which there was a total of 145 classifiable re- 
sponses. Another curve shows the relative frequency under the 
exciting conditions of the second block of 100 trials, during which 
a total of 242 reactions could be classified. For comparative pur- 
poses, the solutions shown by Hamilton’s rats are drawn. The 
data show that under strong stimulation the solution behavior of 
these college students was almost equivalent to that of white rats 
under normal conditions. The bulldozing response was clearly 


evident to the observer. 
In a sense, Patrick’s results may be viewed as a form of regres- 


sion of the primitivation type (see p- 221). Hamilton put a six- 
month-old baby through this problem and Patrick’s results show 
that college students’ problem-solving under stress conditions was 
almost down to the level of the baby’s performance (without 


stress). 


From the studies reviewed thus far, and from other results not 


included here, e.g., Sears (336, 337), Williams (412), McClelland 
and Apicella (227), Alper (3), it appears that when the response 
to frustration includes strong emotional excitement we may expect 
a decrease in performance on at least certain types of tasks, 
and when response to frustration includes apathy as 3 result of 
continual failure we may again expect a decrease in performance 
level. 

Experimental repressi 
accelerated forgetting. It is 


on. Repression may be thought of as 
believed to be brought on by anxiety 


built up by frustration of ego-motives. We shall devote a later 
chapter to the topic of forgetting, so for the present we need only 


demonstrate a method by which repression is measured. r 
One of the problems in an experiment by Rosenzweig (323) 


was to determine whether failure on a series of alleged intelligence 
tests enhanced the forgetting of those tests. On the assumption 
that failure on an intelligence test constitutes an interference 
with the satisfaction of an ego-motive, and hence arouses anxiety, 


repression might be expected. Two groups of 30 Ss each, one 
experimental and one worked at a series of jigsaw 


control, 

puzzles. n 
Ss in the control group were informed by Æ that he was con- 
structing these puzzles and wanted to know if they worked out 
in practice. He attempted in every way to make it appear that 
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not the Ss themselves but the puzzles were on trial. No indication 
of any kind was given the control group that ability to solve 
puzzles was a measure of intelligence. In short, Rosenzweig did 
not want to ego-involve his control Ss. 


The experimental group was instructed differently, as shown by 
the following excerpts: 


-I am going to give you some jigsaw 
so that you may be compared with the other Persons taking the test... . 

Every puzzle counts as much as every other in the score. ... If you do 

not solve any puzzle in the allotted time, I shall naturally be obliged to 


stop you. . . .Your work will be interpreted as representing the full extent 
of your ability, so do your best (p. 66). 


puzzles to do as an intelligence test 


ty to do jigsaw puzzles 
one $ reported: “My feeling 
ch puzzle that I missed the 
I wasn’t getting on well, that 
or in the field of Philosophy” 
(p. 66). Š 


if S remembered, 
f number of Ss in each 


group recalling 
ed puzzles, 


th are shown in Table 18, Two 
finished tasks are recal © control group, more unfinished than 


lled, and (2) in the experi 
eG perimental group 
unfinished tasks are recalled. Thus, the results 


: € outset of t í 
The difference between th he experiment, ' 
two diverse Phenomena, On PS may be a function of 


a 5 
> as observed in the control group, 
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is that unfinished tasks are better remembered than are finished. 
This phenomenon, called the Zeigarnik effect after its discoverer, 
has been verified on enough occasions to establish it. Its explana- 
tion is obscure. The second phenomenon, as indicated by the 
experimental group, appears to confirm the hypothesis on which 
the experiment was based. More finished tasks than unfinished 
tasks are remembered, a fact that is presumed to be indicative 
of repression, since failure to complete a puzzle produces frustra- 
tion and anxiety, thus initiating a tendency to forget the humiliating 
experience. It is worthwhile to note that in one of a series of 
experiments by Rosenthal (321), very similar to the one re- 
ported here, the repressive effect was removed by hypnotic 


suggestion. 
TABLE 18 
RECALL OF COMPLETED AND INCOMPLETED TASKS 
Number Ss Number Ss Number S: 
recalling more recalling more bats s 
Group completed than incompleted than re HeT 
incompleted tasks completed tasks equatty we 
Control z 19 4 
Experimental 17 8 5 


J Data from Rosenzweig (323). 


Hoarding in rats. The response investigated under this title is 
one we have not mentioned previously. Since this phenomenon © 
can be shown to be a function of the blocking of a physiological 
and since there is a rapidly growing body of literature 
ainted with the basic techniques used. 
The apparatus, as designed by Hunt (172), consists of a home 
cage connected by a short alley leading to a food box. Hoarding 
behavior is indicated when the rat carries more food to the home 
cage than it eats. The amount of hoarding is measured by the 
number of food pellets carried but not eaten. Often the rat buries 
or hides the food pellets in some fashion. 

Frustration, as preliminary to observing hoarding behavior, 


may be produced in two ways: (1) by putting the animal on a 
diet which maintains life but which leaves the animal hungry 


motive, 
on it, we should be acqu 
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ing food before a hungry rat but not 
072); and Gl, a eee putting the food in a wire container 
allowing a cannot enter (229). Both methods produce a marked | 
par aie amount of hoarding as compared with control | 
TEE = amount of hoarding is a function of several other 
BRS D in addition to those related to frustration (267), 
na e those conditions associated with frustration are highly 
u 
eal numerous other studies concerned with performance 
changes and frustration, but we have covered a good sampling 
of methods and results. Whenever frustration is evidenced by 
aggression, withdrawal, or other identifiable mechanisms of adjust- 
ment, we may. also expect performance changes. Most studies 
have shown a decrement in performance on a standardized task, 
but further analyses will very likely show that whether or not 
there is a decrement is dependent primarily upon (1) the type 


of task on which the performance is measured, and (2) the duration 
of the frustrating situation. 


Measurement of Group Responses 


One of the more recent trends in the area of social psychology | 
is shown when groups of Ss are subjected to certain experimental 
conditions and the responses of the group as a whole analyzed. 
The methodological problems posed by these procedures are 
somewhat different from any we have yet faced. ppuan A 

As our illustrative problem we will consider an expériment by | 
French (101). He wanted to determine whether there were dif- 
ferences in the reactions of organized and unorganized groups- `“ 
to a frustrating problem situation and to a fear situation. The fear 
situation was basically a frustrating situation since it involved ~- 
escape from a locked.room of 
ostensibly broken out. The locke: 
response of getting out. 

Each group of Ss ‘consist. 
organized groups and. eight unorganized groups. The latter con- 
sisted of Harvard Universi 


= | 
a building in which a fire had | 
d doors blocked thë goal-directed 
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were athletic teams from boys’ i i 
ee ys’ clubs, their ages ranging from 
The experiment was carried out in an attic room, the floor 
plan of which is shown in Fig. 36. By reference to this floor plan 
you can follow the method of inducing the frustration. Note 
that there are no windows (though a skylight) and only one exit 
from the room. Ss (as a group) were brought into the room and 
seated around the table. They were told that the observers (five 


Recording apparatus 
darkroom 


Observers’ 
table 


Subjects’ 
table 


U 


Fic. 36. Floor plan of situation used by French (101). 


Entrance door 


of them, seated at the table at the left end of the room) were to 
be ignored, since they were there merely to record the steps in 
the solution of the problems. Æ then showed the group. three 


problems and read the instructions: 


lem-solving experiment is to discover how fast 
Three problems are provided, but you are to 
solve only one. The group may choose which problem to work on, and 
it is permissible to shift to a different problem whenever the group desires. 
However, the whole group must work on the same problem at any given 
time. Thus the solution of one problem in the shortest possible time depends 
partly on knowing which problem to choose and when to shift to another 


problem (p. 237): 
E informed the group that they would have only 45 minutes. 
The nature of the problems is not important; they were all difficult 


though not impossible to solve. 
After 45 minutes Æ stopped the group’s work on the problem 


The purpose of this prob! 
the group can solve a problem. 


16 
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initi fear situation. The observers were 
gid 4 ee on, T informed Ss that he had to leave 
ee sa At that they remain and fill out a questionnaire 
eny iach ti? too could leave. As E left the room he surrep- 
dtondy locked the door. After a few minutes, E’s accomplice, 
idden in the dark room, started the smoke box and soon wisps 
H smoke began to seep into the experimental room. The happen- 
pate from there on constitute part of the results. We must go 
se and consider the methods used in recording the behavior 
g” observers were used. A concealed microphone connected 
to recording apparatus in the dark room provided a verbatim 
report of the first and last 10 minutes of the 45-minute period. 
Work on the first six groups was considered preliminary. From 
' the preliminary work a check list of behavior characteristics 
was developed, the list consisting of such behavior as hostility, 
aggression, withdrawal, and friendliness, Various areas of be- 
havior were divided among the observers so that each checked 
only one-fifth of the total behavior episodes, 
checks overlapped that of another in at least o 
that reliability of the judgments could be gau 
to the check lists, each observer filled out fou 
each group. These scales concerned the amo 
frustration, we-feeling (group unity), and amount of inter- 
dependence of the individuals, Ratings o 


n these four factors were 
made every three minutes so that changes throughout the period 
could be noted. 


Each observer’s 
ne area in order 
ged. In addition 
r rating scales for 
unt of motivation, 


as recorded by two observers 
inserted in the skylight, and 
microphone. After the fear 


ption of how they felt and what they 
did when the smoke came into the room, 


We shall consider the results from the problem-solving situation 
first. The observers’ general ratings į 


of aggressive responses. Both groups evidenced withdrawing 
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behavior, but no difference between the groups on this response 
was measurable. Other categories on the check fist were shown to 
have low reliability, indicating that the observers were not well 
agreed upon the labelling or interpretation of certain responses. 
Such data are not scientifically useful. The total picture of the 
two kinds of groups indicates that the organized groups were 
more highly motivated, had more we-feeling and interdependence, 
and showed a greater number of responses to frustration in the 
problem situation. 

The behavior of the groups in the fear situation was quantified 
only in terms of rank-ordering the groups for amount of fear 
shown. These ranks were obtained ‘by examining the data from 
all sources. Only thirteen groups (seven organized and six un- 
organized) participated in this situation. Of these groups, the five 
ranked as showing the greatest amount of fear were all organized. 
These five groups attempted to break the door down and gain 
exit (to save doors Æ usually remained just outside and when 
it became obvious what was going to happen, he opened the door 
for Ss). Thé unorganized groups, on the other hand, were much 
more prone to view the smoke situation as a hoax and as a part 
of the experiment. 

Interpretation of the differences in behavior of the organized 
unorganized groups in the fear situation is difficult. French 
notes that the unorganized groups (university students) con- 
tained more men who had taken courses in psychology than did 
the organized groups. It might therefore seem reasonable that 
the unorganized groups would be less naive toward the fire 
situation, hence, exhibit less fear. Differences in the fear situation 
may not be due at all to the unorganized-organized factor, nor 
to differences in the behavior of the groups in the problem 
situation. 

The fact that French’s results with regard to differences in 
behavior in the fear situation may be accounted for on the basis 
of factors other than the independent variable (organized- 
unorganized) raises a methodological problem which we should 


discuss. 

Matched groups 
will call any variable which 
a group toward each other, 


and 


and social variables. For convenience, we 
influences the behavior of members of 
or of one group toward another, a 
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i e that we desire to determine the 
saeta n oA leadership on behavior of groups. 
poner aderskip is a social variable by our definition. In plan- 
eo a T an experiment we would probably choose Design 
‘Method II, Matched Groups, although other methods have been 
tried (218). But on what factors are we to match groups ee 
we seek to measure the influence of such a variable as lea aa 
ship? The influence of a leader on a group is not a function k 
the individual S’s habit patterns alone, but is also thought to be 
a function of inter-S relationships. For example, a group consist- 
ing of three boys who were bitter rivals for a place on an athletic 
team might respond quite differently to a leader than the same 
three boys already well-established on the team. Clearly, in addi- 
tion to the individual’s abilities and capacities, inter-personal 
relationships in the group must be equalized for the various groups 
if matching is to be adequate. How, in view of all these considera- 
tions, are we to accomplish this? 
To date, no generally accepted method of matching has evolved, 
largely because this is almost an untapped field of experimentation. 
One technique, that of Moreno (265), is worth reporting. This 


technique may be used to equate groups roughly on inter-personal 
relations. Let us say that a large grou 


p of Ss (school children) 
has volunteered for our experiment, and that from this large 
group we wish to pick two groups of five each. All children in 
the large group are asked a series of questions to determine the 
following: 


1. With whom they most like to work 


2. With whom they least like to work 
3. Who are their best friends 


4. With whom are they least friendly 

5. With whom they most often play 

6. With whom they least often play, 
Knowing such facts for a fairly large group we would be able to 
select from the volunteers tw 


© groups of five each in which the 
number of likes and dislikes, friends and no 


n-friends, playmates 
and non-playmates, leaders and non-leaders, and so forth, are 
about the same. We would attempt at the same time to equate 
the groups on variables such as age, sex, or anything 
else we might think could di influence behavior in 


etc. 


intelligence, 
fferentially 
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the experiment. The procedure assumes that when a child is asked 
for example, to name his best friend, the answer he gives is valid; 
Some check may be made on this by questioning teachers or 
observing the children on the playground or at work. Since a social 
variable, such as “kind of leadership,” will influence the reactions 
of each member of the group to other members, the method of 
matching is that of equating groups on the same “task” which 
the variable is going to influence. This, as previously discussed, 
is the ideal procedure for matching groups. 


STIMULUS VARIABLES INFLUENCING RESPONSES TO 


FRUSTRATION 

lus variables influence responses to 
(1) What variables 
d (2) what variables 


When we ask what stimu 
frustration we are asking two questions: 


cause the form of the responses to vary; an 
cause the amount of a given form of response to vary? First we 


should know what conditions produce aggressive behavior; what 
conditions produce withdrawing behavior, and so forth. Then 
we should know. what conditions produce variations in the amount 
of aggression or amount of withdrawing. It is very likely that 
the variables in the two cases will be the same; that is, those 
variables which are necessary to produce withdrawing will 
probably have dimensional relationships with amount of with- 
drawing. i 
We cannot at this stage of experimentation state the relation- 
ships between stimulus variables and forms of frustration re- 
sponses. We are still in the stage of working out adequate measure- 
ments and classifications of responses. It is entirely conceivable 
that we are not yet able to discern and measure all significant 


responses to the blocking of goal-response- Furthermore, accept- 
between stimulus variables 


able general empirical relationships vari 
frustration cannot be stated until greater 
assification of 


he interpretation and cl 


and responses to 
agreement is reached on t 
responses. 

In the theoretical fr 
Frustration and Aggression 
the primary response tO 
to be sure, could be disp 


amework set up by the Yale group in 
(81); aggression was assumed to be 
blocked goal-response: The aggression, 
laced in devious ways, but it still 
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emain er the heading of aggression in the same general 
cota aes es term has been used in this chapter. The authors 
were able to state three basic variables which determined the 
amount of aggression, and to adduce some evidence, experimental 
and otherwise, in support of the variables. In addition, certain 
variables were indicated which would determine the form of the 
aggression. nae? 

From the data we have covered we can see that aggression is 
a common response to frustration. It will be helpful, therefore, 
to indicate the variables which are presumed’ to cause its amount 
to vary. Also, it is probable that these variables will cause the 
amount of other frustration responses to vary, although no attempt 
will be made here to guess at these relationships. The three basic 
variables (assuming all other factors constant) proposed by the 
Yale group, and the relationships with aggression, follow. The 
terminology has been changed somewhat. 

Strength of motivation. Holding the amount of interference 
constant, it is to be expected that the greater the motivation the 
greater will be the amount of aggression which will result. 


Degree of interference. The assumed relationship is the greater 
the interference the greater the aggression. The McClelland- 
Apicella experiment, reviewed earlier, indicated this relationship. 
Quantitatively, the degree of interference might be varied in 
terms of duration of interference. Or, it might be determined by 
the level-of-aspiration technique and falsification of Scores in: 
terms of amount of falsification. That is, failure to attain an 
aspiration score by one point would be thought of as less inter- 


fering than failure to attain by five points. 
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who has a series of minor irritations at the office and then blows 
up at the slightest provocation at home is an American legend. 

It should be understood that these three variables are stated in 
general terms. In the specific situation there are many ways to 
vary amount of motivation (Chapter VI), and presumably many 
ways will be found to vary amount of interference, and number 


of interferences. 


Individual Differences 

While it has not been the practice in this book to consider 
individual differences and their causes, it is especially pertinent 
to mention them here. People vary a great deal in their frustration 
thresholds, i.e., in how much interference with a goal-response 
can occur before deviant responses become evident. Probably 
as a result of differences in amount of experience with frustrat- 
wide range of tolerances is developed. That 
experience with frustration is related to differences in frustra- 
tion thresholds is indicated in a study performed by Keister and 
Updegraff (188). They were able to reduce responses to frus- 
tration in children by a 6-weeks’ training program in which the 
difficulty of problems met gradually increased. By this method 


frustrations could be kept minor or short-lived. 
Another important fact about individual differences concerns 


the mode of reacting to frustration situations. It is very likely 
that individuals develop somewhat stereotyped or habitual ways 
of responding to goal-blocking, some showing aggression in its 
various forms, some showing withdrawal, and so on. The ability 
to predict an individual’s particular response in an experimental 
situation is not far advanced, although some evidence on subject 


variables is available, e.g., Lantz (210), and Zander (426). 


ing situations, a 


CONCLUDING CONSIDERATIONS 
In the material covered we have seen that Es have been most 
ing situations to produce blocking of goal- 
een equally resourceful in quantifying 
responses whiċh dọ not lend themselves to traditional methods 
of measurement. One of these methods, that of the “human yard- 
stick” (18), warrants a brief summary discussion and evaluation, 


ingenious in devisin 
responses. They have b 
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The human yardstick method. This method covers instances 
in which the observers interpret S’s behavior, thus in a loose sense 
serve as the measuring instrument. In the material we have covered 
the method has taken two distinct variations: 


Variation I. The observer interprets the behavior at the time it occurs. 
He does this by giving it a label (e.g., aggression) or tallying it on a check 
list. 

Variation II. The observer records everything that occurs as it occurs 
and interpretation is delayed until after the experiment. 


Both variations have advantages and disadvantages. Variation I 
has the advantage of allowing an interpretation at the time the 
behavior happens. Certain nuances in S’s behavior may facilitate 
interpretation—a lifted eyebrow may tell an observer a great deal. 
In Variation II it may be virtually impossible for a group of 
observers to record all the little bits of behavior and yet these 
little bits may be important. Variation II, on the other hand, has 


the advantage that interpretation may be made at leisure and not 
under pressure of eve 
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experiments reviewed in which observers did not agree on their 
interpretations of behavior. 

There is no problem of validity in the results obtained by the 
human yardstick method. It can be seen that we have no ultimate 
criteria of aggressiveness or withdrawal to which we can appeal. 
The definition of the behavior categories is exclusively on the 
observer level; the categories are defined in terms of what an 
observer must perceive S doing or saying. It may be, of course, 
that future research will provide correlates of aggression other than 
those derived from the observer method. For example, research 
may give knowledge of rather consistent physiological changes 
which accompany frustration, though results to date have not been 
encouraging (e.g., Sherman and Jost, 352; Jost, 186; Davis, 77). 

Our main point is that the human yardstick method, when 
reliable, is basically the same as all methods of experimentation. 
If changes in stimulus variables produce ‘observer-noted changes 


in response, we are still relating stimulus and response variables. 
The only difference is that more interpretation may intervene 
between the response proper and the counting of that response 


than in the traditional experiment. The use of trained observers 
and a careful delineation of behavior ranges which are to be 
counted in certain categories will reduce the hazards of this 


interpretive component. 
A look ahead. What direction will be taken by future research? 
n our knowledge? How far along are we 
f the behavior discussed in this chapter? 
ardization, a standardization 


What are the major gaps i 
toward an understanding © 
The most pressing need is one of stand 


of several aspects of the experimental program. 
1. First, we need a standardization of techniques to block goal- 


directed responses. This may not be too difficult to achieve, since 
certain techniques are being used more and more consistently, 
e.g., the level-of-aspiration techniq 

2. The response side of the experiment causes greatest difficulty. 
There is as yet very little consistency in the methods of measuring 
responses to the blocking of goal-directed behavior. This leads to 


the third need of standardization. 

_ 3. Classification of responses. Since we know the responses only 
in terms of the methods by which we measure them, and since 
there is little standardization in measurement, inter-laboratory 


ue. 


240 EXPERIMENTAL PSYCHOLOGY 


ion i i E calls behavior measured 
ication is greatly impeded. If one ; 
a, orelha aggression, and another E calls behavior measured 
in a different fashion aggression, no quantitative comparisoù is 
ningful. n 
pee a of these difficulties which need to be overcome, no one 


can deny that the last 15 years have seen great progress in this 
new field of laboratory experimentation. 


SUMMARY 


1. Frustration is a logical construct defined by relating stimulus 
situations in which there has been a blocking of or interference 
with goal-directed behavior to the deviant behavior which results 
from such a situation. 


2. The following methods have been used to produce 
frustration: 


a. Interfering with primary motive 
b. Setting up physical obstructions 
¢. Artificially producing failure, by: 
1. Setting unobtainable standards 
2. Falsifying scores 
3. Condemning S as inferior 
4. Combining these methods 
d. Creating conflict situations 


3- Methods of response measurement and analysis: 
a. Analyzing verbal responses 
b. Analyzing verbal and motor responses combined 
c. Measuring by projective tests 


d. Measuring by questionnaire and ratings 
e. Measurin, 


g in terms of performance changes on standardized task 
J. Measuring group responses 
4. Major stimulus variables influencing amount of aggression: 
a, Strength of motivation 
b. Degree of interference 
c. Number of interferences 


5. The following unusual methodological Problems were 
discussed: 


a. The basis for matching groups in a social situation 
b. The use of observers or judges as measuring instruments 


CHAPTER VIII 


Conflict 


INTRODUCTION 


_ Passengers on the Chicago elevated transit system are some- 
times amused by the behavior of patrons as they leave the cars. 
Stations are so arranged that two exits from the platform to the. 
street are available, usually about 5° to 6o feet apart. It has been 
observed that when a patron alights from the car midway between 
the exits, gyrations often occur in his behavior. He will start 
first toward one exit and then the other—@ step in this direction, 
a step in that direction; 0% perhaps a mere shuffle or weaving of . 
the body will take place. OF course, the vacillation doesn’t last 
very long—the “deadlock” i en—but in simplified form 
the behavior illustrates the subject of this chapter. Two incom- 
patible responses are evoked by this situation, an this defines a 
conflict situation. 
Conflict and frustration- In the previous chapter it was 
indicated that conflict was 4 class name applied to a particular 
ing the consequences 


method for inducing frustration and measuring 
nsequences to be much the same as 
such responses as 


_ thereof, We will expect these c° 
those outlined in the previous chapter: namely; 
withdrawing, aggression, and so on. In addition there are other 
measures peculiar to conflict. The over-all point of view is, however, 
that the present chapter is an extension of the study of frustration. 
In many experiments © on we saw clear evidence of 
conflict in that the situa ed incompatible responses. This 
was especially true W: ponses tended to halt or 
drastically modify aggressiv! «Let us be sure, then, we 
understand that conflict is f the methods by which goal- 
directed behavior can be inte cked. From a sheer 


one © 
rfered with or blo 
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The discriminal processes and conflict. When S is asked to 


when the difference 
ct may result. When 
jects which are very 
in the early chapters 
relatively non-personal judg- 
by certain behavior (such 


linked in method and theory 
sses as such. To produce the 
esign a situation in which a 
ndency to each of two stimuli 
discriminable difference. Es 
h humans since for obvious 

cannot be produced in the 
laboratory. With animal Ss, however, rather violent conflicts may 


Plan of the chapter. This chapter will be organized around the 
following major headings: 


L Generalized conflict situations 
2. Specific methods used to produce conflict 


+ Methods used to measure and analyze conflict 
4. Major variables y iii 


5. Emotions and motivation 
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are evoked; (2) in which two avoidance tendencies are evoked; 
(3) in which both an approach and an avoidance response mie: 
ency are evoked; and (4) to take into account the fact that abe 
often do not have just two response tendencies of one kind f 
another, a situation in which there are multiple response ns 


Organism 


"On 


Approach - Approach 


Organism 


Approach ‘Avoidance 


Approach - Avoidance 


Organism 


|-] mtd Jita 


Avoidance - Avoidance 


Organism 


Approach Approach 


E 


Avoidance 


Avoidance 
Double - Approach - Avoidance 


Fic. 37- Generalized conflict situations. 


encies. The fourth situation will be called double-approach- 


avoidance. Lewin (216) has suggested the first three situations; 
Hovland and Sears (162) the fourth. All four conflict situations 


are shown in Fig. 37- 
Approach-approach. I 
organism has two positive 80a 
time, but by the nature of the si 
A hungry child, offered a choice of one of two e 


n the approach-approach conflict the 
] responses evoked at the same 
tuation both cannot be executed. 
qually liked 
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foods, is in an approach-approach situation. The illustration of 
the elevated transit patron is another. Figure 37 shows the organism 
midway between two goal objects. Following Lewin (216), we 
may indicate the attracting goal object by a plus. Two incom- 
patible tendencies are evoked simultaneously, and since the in- 
dividual cannot go both ways at once, the situation may es 
deviant responses. It is assumed, of course, that the motivation 
state of the organism is a part of the approach tendency. : 
The conflict situations in Fig. 37 are represented in spatial 
terms, i.e., in terms of distance to a goal, with S thought of as 
“locomoting” through space to get to or away from a situation. 
We must warn ourselves that many conflicts are not spatial in 
nature, but rather, psychological. By this it is meant that response 
tendencies are not necessarily opposed because their execution 
would mean locomoting in opposite directions in space. Oppo- 
sition may exist because of differences described by other than 
the spatial dimension. Thus, the response tendencies of a person 
attempting to choose between two equally attractive job offers 


would be thought of without reference to the spatial relations 
of the job. 


Much experimentation on conflict has been performed in terms 
of spatial distances between an organism and attracting and 
repelling stimulus situations. Equal distance in space from two goal- 
objects provides a fairly clear-cut method of observing reactions 
in terms of characteristics of locomotion. At present the assump- 
tion is that the basic principles established in the spatial situation 
will also hold in the nonspatial conflict situation. 

Approach-avoidance. In approach-avoidance conflict a single 
situation or object has both positive and negative characteristics. 
Thus, both approach and avoidance tendencies are elicited simul- 
taneously. If at any given point from the object the two tendencies 
are of about equal strength, the organism will theoretically be 


“suspended” motionless. The minus sign in the drawing indicates 
the repelling 


characteristic, Anecdotal illustrations are numerous: 


a child is attracted toward a vase on the table but he also has 
avoidance tendencies 


-= 
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an approach tendency and an avoidance tendency in one’s re- 
actions toward a person. 

Avoidance-avoidance. In the avoidance-avoidance conflict the 
organism is diagrammed as being between two objects or situa- 
tions, both of which elicit avoidance tendencies. Such a situation 
will usually lead to withdrawal (up or down in the diagram) if 
such withdrawal is possible. If not possible, serious behavior 
disturbances may occur when the avoidance tendencies are 
powerful. Indeed, there is reason to believe that suicide may some- 
times be an outcome of an acute avoidance-avoidance situation in 
real life. 

The student who does not like to attend class but who also does 
not like to be seen not attending is in an avoidance-avoidance 
situation. A girl, who is trying to avoid becoming an old maid, and 
who has received a proposal of marriage from someone she doesn’t 
love, is in an avoidance-avoidance conflict. This type of conflict is 
implicitly assumed when we say that we choose the “lesser of two 
evils.” 

Double-approach-avoidance. This conflict situation is intended 
to make explicit the actual situation as it seems to occur in many 
instances: namely, that objects or situations do not evoke single 
approach nor single avoidance tendencies. Rather, several distinct 
tendencies of both kinds may be elicited by different aspects of the 
situation. We may; however, think of all approach tendencies tor 
a given object or situation as summing into one “grand” approach 
tendency, and all avoidance tendencies summing into a gran 
avoidance tendency. With two objects or situations involved, 
the summation which takes place would result in a double-approach- 
avoidance conflict, i.e., 2 grand avoidance and a grand approach 
tendency for each of the two objects. For that matter, since there 
is no basis for limiting the number, we might have a triple- 
approach-avoidance situation, or a quadruple-approach-avoidance 


situation. 


A hypothetical situation to illustrate this conflict may be seen 


in the man who is working in one position and is offered another. 
Each job has several attractive and negative features, such as pay, 
opportunities for advancement, prestige, and working conditions. 
If the attractive and repelling features for both jobs are equal 


when “summed,” conflict will result. 
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An experimental illustration of the four situations. Before 
moving on to the various methods which have been used to pro- 
duce conflict, let us examine a simple experiment in which all four 
situations have been studied in the same context. This paaa 
experiment deals with motor conflict and may be conceive 
spatially in the manner implied by the diagrams in Fig. 37. 

Hovland and Sears (162) constructed what may be called a 
conflict board, the essentials of which are shown in Fig. 38. The 
board used by Hovland and Sears was 5 inches square, but the 

writer has used boards the 
Red light[OOGreen taht Red ghtOo]Green ighe SÌZe Of an ordinary sheet o 
paper with comparable re 
sults. The board is placed 
horizontally on a table or 
desk so that the two sets of 
lights are opposite S. S holds 
a pencil in the position 
marked “‘start,”? and is in- 

structed that when the red 

Fic. 38. Simplified version of conflict light goes on he is to draw 
mae Ce SS Set, oS neces quickly as possible 


to the other corner of the 
board (avoidance), and that when a green light is flashed on, he 


is to drawa line as quickly as possible żo the green light (approach). $’s 
paper to draw on may be fed through on rollers, or individual sheets 
may be used, the former being most satisfactory. With the conflict 
board, Hovland and Sears set up the four conflict situations as follows: 


_ Abproach-Approach, S was given 20 trials. 
lights, The order of Presenting the lights 


lashed on both green ligh 


» 10 each with the two green 
was randomly determined. On 
ts simultaneously, 


lights on one corner of the board 


b e 3 When a green light flashed, he drew 
toward it. On the trial, both lights WEE flashed 
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Since this involves a somewhat more complicated situation than the 
previous three situations, Es allowed 80 practice trials and on the 81st 


` trial all lights were flashed on at once. 


What sorts of responses result on these critical test trials for 
the situations? First, S$ may be uninfluenced—he may draw a line 
directly to one side or the other. This would indicate no conflict. 
S may (and some did) respond to both lights by first drawing to 
one side and then quickly across to the other. A compromise’ 
response may occur in which S draws right down the middle of 
the board between the two lights. Some Ss blocked—no movement 
occurred, although tensing was evident. These deviant responses, 
deviant because they are different from those which occur in 
instances in which a single light is flashed, occur with relatively 
high frequency. | 

Motor conflict produced by these boards is highly predictable. 
The writer has used the boards for several class experiments, and 
even though S knows in general what is coming, the deviant 
responses will occur on a majority of test trials. This is especially 
true if the instructions for training emphasize a speed set. Further- 
more, the deviant responses which occur in this simple situation 
have their rather striking parallels in the more traumatic conflict 
situations, which will be evident in material covered later in this 


chapter. 
METHODS FOR INDUCING CONFLICT 


Approach-Approach . ae 
There is some disagreement as to just what type of sete 
should produce an approach-approach conflict. On the glee: ; 
we may present two equally attractive stimulus objects an k form 
S that he may have both, but locate the objects so that bot oa 
not be obtained at the same time. S must go first to one and tt en 
to the other. Will his behavior be any different if a single ober. 
is presented? On the other hand, F moy Pr a. The Ast 


j indi be o! 
objects and indicate that only one may 2 
i ituati al incom- 

situation is a conflict situation only because of tempor: ci 
that deviant responses occur 


patibility, and there is no evidence A r 
in such a situation. The second is the one which will be used here 


ituation. 
as the prototype of an approach-approach situa 
There eE general methods of setting up an approach- 


17 
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approach situation: (1) E may rely on response tendencies a 
a part of the organism’s repertoire; or (2) the two approac 
tendencies may be built up independently. The first method 
would be illustrated by a situation in which E offers S$ two goal- 
objects known .to be equally attractive, Thus, Godbeer (113) 
offered first- and second-grade boys the choice between two 
gumdrops of equal size and color. The second method would be 
illustrated by the conflict board situation in which S builds up 
approach tendencies to the green light (they are built up very 
rapidly). It would also be illustrated in an experiment by Kleb- 
anoff (200) in which rats were fed equally often at both ends of 
a straight-alley maze and then on the test trial put midway between 
the two food-boxes, 

Goal-objects may be of different kinds and still be equally 
attractive. For example, in one experiment E determined how many 
tin soldiers were equal in attractiveness to a single gumdrop (1 13). 


This was done by a crude psychophysical procedure. In effect, 
E held a gumdrop and asked S ho 
give for it. Three tin soldiers, 


tractiveness, the amount of conflict 


n has been set 
m separately, 


4) initiated this method 
great deal in atte 
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over several weeks. In one of his experiments, the dogs were first 
trained to salivate to a luminous circle presented on a screen. This 
conditioned response was established without difficulty. Then a 
luminous ellipse, clearly different from the circle, was projected 
on the screen but was not followed by meat powder. The. circle 
was always followed by meat powder; the ellipse was not. The 
animal had to learn to respond to the circle, and not to respond 
to the ellipse. The dog was able to develop this discrimination. 
Then Pavlov began to make the ellipse more and more like a 
circle, alternately presenting the circle and the ellipse. The dog 
continued making correct responses—not responding to the ellipse 
and responding to the circle—until the ellipse became so much 
like the circle that it apparently could no longer discriminate a 
difference in the forms. This occurred at a point where the vertical 
and horizontal axes were in a ratio of g to 8. It was after several 
weeks of alternate presentations of the circle and the ellipse at this 


ratio that the dog “broke down.” , . 
Much the same method had been used by many other investiga- 
tors with a variety of animals. The basic procedure is oa of 
training S to make an approach response toa stimulus A m 
avoidance response to a somewhat emaila ee a = 
gradually reducing the differences in similarity suey meth 
so that both avoidance and approach responses are ci y 


e i i 

se il neea motivation. This is hardly an apt E cA 
the method, but in a sense it describes the Pa] ee, 
has usually consisted of depriving an anita! o ae rör tescal 
that motivation is strong, and then sige vf r exam j 
motive with the act of eating or drinking. Cook i gatit so sist 
deprived rats of water and then “wired $ bento the strength 
whenever the rat touched it he received a : eke aera! 
of the shock became great enough, i the lid of a box to get food 
r Masserman (250) anhe wie delivered an air blast just as 
nd then during a series © d to be a fear stimulus. 


: t re 
eae lid The iedig sted of hunger and fear 


Thus, the animal had 
in the same situation. P dure does not result 
5 . This procedure 
Shocking on-going response ilt up the two 
ina daki case of conflict, but because Æ has built up 
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opposing response tendencies we are including it here. The method 
is used with animals, commonly in a simple T-maze situation. 
Rats are first taught to go down one alley to receive food. After 
this habit is established, they are taught to go down the other 
alley to get food and thus abandon the first habit, At this point 
the animals have presumably developed an avoidance response to 
the first alley, and an approach response to the second. Then, on 
succeeding trials, the animals are strongly shocked just before they 
reach the choice point. E determines which of the two alleys is 
taken on these shocked trials and notes other behavior character- 
istics. If the animals take the first-learned path, regression is said 
to have taken place. 


Avoidance-Avoidance 


This method has not had many variants, but in one form it has 
been used a great deal, especially by N. R. F` Maier and his students 
at the University of Michigan. The basic apparatus is the Lashley 
jumping-stand (Fig. 39). Rats are placed on the pedestal opposite 
two small mounted doors or windows, the distance (six inches or 
more) from the pedestal to the windo 


ot “step across,” 


it, let us say jumping to the window 


E may gradually 
However, when the 
that the animal cannot 
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required. This has been provided in the form of an air blast or an 

ee grid on the pedestal. When such forcers are used the 

Heck becomes an avoidance-avoidance situation. The card 

W avoidance tendencies but so also does the air blast or shock. 
e€ may expect deviant behavior to occur in such situations. 


Re ©. 39. Jumping stand. The net used to catch the rats following erroneous 
Ps is not shown. 


blem situation insoluble 


Tn many instances Æ has made the pro 4 
This has been done in 


men than just a difficult discrimination. 
veral ways, all after the animal has learned to jump readily. E 
may lock both doors, may present only a negative door, or he 
May make neither of the cards consistently correct so that the 
animal can be only 50 per cent correct. Under certain conditions 
as enclosed the pedestal on all sides (except the jumping side) 
is On the top. This restricts the range of orientation and tends 
~ ` Orce the animal to orient toward the windows. 


an 


Do 

able-A pproach-Avoidance ! 
i Double-approach-avoidance conflict involves two objects or 
uations each of which has approach-avoidance characteristics. 
Yet, this situation has not been widely used in an experimental 
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setting. In the conflict board study (see p. 246) such a situation 
was devised by using both lights at both corners of the board. 
One special method, used by Brown (40), is quite different from 
any of the methods discussed thus far. It makes use of a funda- 
mental characteristic of behavior known as generalization. Let us 
define this term by experimental operations. E trains an animal to 
respond positively to a tone of 1000 cycles. After this response 
is learned it can be shown that the animal will also respond posi- 


Frequency of Response 


Frequencies less: 1000 Frequencies greater; 
es 
(Training stimulus) 


Frio. 40. Hypothetical gradient of generalization. 


tively to tones of frequencies greater than 1000 cycles and less 
than 1000 cycles, even though these stimuli have not been used 
in training. The stimuli, though not identical, are thus functionally 
equivalent (they elicit the same responses). This equivalence, aS 
measured by these operations, is called generalization. It can also 
be shown that the responses evoked by stimuli greater or less 
than 1000 cycles will occur with less frequency the greater the 
difference between the training tone and test tone. This suggests 
a gradient of generalization, in that the further the test stimulus is 
from the training stimulus, i.e., the less similar it is to the training 
stimulus, the less are the probabilities that the response will be 
evoked. This gradient is depicted in Fig. 40. 
Now let us assume that if an animal is trained not to respond to 
a given stimulus there will also be a gradient of avoidance very 
Fe to the gradient of approach. That is, stimuli greater or less 
n the training stimulus will produce avoidance behavior and 
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rea a away these test stimuli are along the dimension, the 

9 equent the avoidance response. Both the approach and 

avoidance gradients can be demonstrated empirically. 

moa training situation such asa straight-alley maze, we now 

w aimee animal to respond positively (approach the goal box) to 

Th cycle tone and to avoid responding to a 500-cycle tone. 
ese two gradients of generalization may overlap as depicted in 


Frequency of Resp 


This stimulus should 
produce avoidance-approach 


conflict. 


pea te cree how ove ws cape and avoidance gradients may 
t a stimulus which is halfway between 
d 1000 cycles), at the point where 
we should have produced an 
Finally, if this problem 
ation, and if on the test 
nted, a double-approach- 
since we will have two 


Fig. 41. Now if we presen 
the two training stimuli (500 an 
the gradients overlap maximally, 
approach-avoidance conflict. situation. 
were developed in a discrimination situ 
trials two intermediate stimuli were prese 
avoidance situation should be created 
situations of the kind depicted in Fig. 41- 

alizations, whether 


The inducing of conflict on the basis of gener 
ach-avoidance, makes certain 


approach-avoidance Or double-appro 
of the gradients of 


assumptions concerning the distance of spread 
ive heights of the gradients. As 


generalization and also the 
drawn in Fig. 41, the gradients are of the same height and spread, 
indicating that the approach tendency is of the same strength as 
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the avoidance tendency. In actual practice the shape and spread 
can be determined empirically. i 
The situations outlined in this section will provide central points 
of departure in explaining methods of measurement in the next 
section. There are deviations from the methods discussed above, 
of course, but all major methods used to date for inducing conflict 
are represented in the various situations which we have considered. 


METHODS OF RESPONSE MEASUREMENT AND 
ANALYSIS 


The subdivisions of this section are formed in terms of various 
response measurements which have been used as indices of conflict. 
E may, of course, record several different responses in the same 
situation. A control group or condition is used to give base measure- 
ments with which conflict behavior can be compared, the control 
measurements being taken in a non-conflict situation. Like work 


on frustration, the work on conflict is still in the exploratory 
stage. 


Latency 


If two opposed response tendencies are simultaneously evoked, 
all logical considerations point to an increase in the time to respond 
as compared with time to respond when a single tendency is evoked. 
Very long latencies may be expected. when opposed tendencies 
are of exactly equal strength. When two opposed response tenden: 
cies result in such a deadlock, blocking is said to have occurred. 
How long the latency of response must be before blocking is 
indicated is a function of the particular experimental situation 
and the latency which E defines as blocking in this situation. Let 
us consider two illustrations. r 

Godbeer (113) presented first- and second-grade boys with a 
choice between two equal-sized gumdrops. In the control condi- 
tion Ss were instructed that they could have both gumdrops; in 
the experimental conditions Ss were told that they could choose 
only one, The apparatus was constructed so that two windows, 5 
inches square and 30 inches apart, were at about arm’s length from 
Sas he was seated at a table. For a given trial, E opened a shutter 


exposing the candy in the windows. The Opening of the shutter\ 


started an electric clock. § made a selection by moving a lever to 
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th s . . 
rrie eio 
measured from th . pone amos ie peasy was 
ce: e opening of the shutter to the hitting of the 
ue a nder the window. When S was allowed to have only one 
ae F tig per trial, the mean latency of response was about 
ee S mens none both pieces (control) the mean 
1.75. i 
highly cialis 75 e difference between the two means is 
ere ak illustration we will consider an instance of excep- 
eine ong latencies. In an experiment by Klee (201), rats were 
aie on the jumping stand to discriminate between a black 
Was te white card and a white circle on a black card. One 
tee “ a as a positive stimulus, the other negative. After this 
by h ta been well established, Klee set up an insoluble situation 
be ets: one of the windows locked on each trial without regard 
ent cor form on the window. Thus, if the rat jumped consistently 
Thi e black circle, he would be right only 50 per cent of the time. 
Š at were under 24-hour food deprivation at the start of the 
nflict series. The conditions of a control group were such that 
regardless of the window to which the animals jumped they always 


found it unlocked. 
BP ne measurements of th 
oe but the extraordinary beh 
; e experimental group leaves no 
Severe. When first placed in the inso. 
Jumped in accordance with their previously established discrimina- 
Bon habit. After a few trials they began to refuse to jump—the 
pena tendencies were stronger than the approach. For as 
Ong as 4 hours at a time the rats perched on the pedestal. Those 
pee that did not jump during the 4-hour period would not get 
ed so that by the following day they would be under 48-hour 
Unger deprivation. In some instances, animals went 72 hours 


without food before they jumped. For the rats which permanently 
d that the approach tendencies 


refused to jump, it is presume 

sie igated by the hunger condition never became as strong, or 

og than the avoidance tendencies produced by the insoluble 
uation and probable punishment resulting from jumping. 

ae jumping technique has been used by Finger (96) to show 

as discrimination between stimulus figures becomes more 


e jumps were not taken system- 
avior of a few of the rats in 
doubt that the conflict was 
luble situation the rats at first 
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difficult (though soluble), latency of jumping increases. A cor- 
related measure is the force of the jump. In general, as latency 
increases force of jump increases. It is as though the animal develops 
considerable tension during the latent period and this tension 
‘shows itself by the force of the jump. 


Vicarious Trial and Error 


During the latent period between the presentation of a stimulus 
situation and the time a choice is made, the organism is not in- 
active. We might suspect that there would be subtle behavior 
indicating conflict. When locomotion as such does not take place, 
but when there is evidence that the organism is actively engaged 
in “deliberation,” vicarious (substitute) trial and error is said to 
be taking place. A rat at the choice point in a maze may be seen 
to look first down one alley and then another as if trying to deter- 
mine which pathway to take. 

Working with rats in an impossible discrimination situation, 
Brown (164) has shown that the number of head movements 
is directly related to the latency of response. The importance of 
such a finding is twofold: (1) head movements (swinging from 
one side to the other), indicative of vicarious trial and error, take 
place in a predictable fashion in a conflict situation; and (2) head 
movements might be substituted for latencies (or other measures) 
of conflict when latencies are difficult to measure. 

In humans we might also expect the number of head move- 
ments to be indicative of conflict in a spatial situation. Such a 
measure has not been taken. However, eye-mmovements may 
substitute functionally for head movements, and the number of 
eye-movements has been shown to be directly related to the amount 
of conflict as obtained by other measures (113). 

We may conclude that vicarious trial and error (as defined by 
the measurements indicated above) is found in conflict situations 
to a ‘greater extent than in non-conflict situations. Hence, indices 


of vicarious trial and error may be used to infer the existence of 
conflict. 


Withdrawal 


Withdrawal may be physical withdrawal in the sense of .loco- 
moting through space to get away. from the conflict-evoking 
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stimuli, or it may be psychological, in which case the organism 
insulates” itself from these stimuli. We will consider an illus- 
tration of each type of withdrawing response. 

Physical withdrawal. Brown (164) used rats as Ss and a Y-type 
Maze (Fig. 42). On all trials, whether a learning trial or a test trial, 
the rat was not placed at the base of the Y. Rather, it was placed 
immediately at the junction point as indicated in the diagram. If 
the rat were placed at this point, and if the stimulus situation 
elicited withdrawal responses, 


the animal i 
could retreat into the 
Light source Light source 
me of the Y. Measurement. of h >, Je age 
i tendency was effected in 9, 
‘© ways: (1) by measuring the Baro 
distance the rat retreated into gjectric grid ef 
imal placed here 


Se base, and (2) by an ingeni- 
harness and pulley system 
Whereby the strength with SA 
which the rat “pulled” to get 

back into the base was recorded. 

ia harness was so constructed 

a forward movements, i.¢., 

fos aca alley, were unim- Bona 

Pits asaret into the Y, how- Fio. azs Esscrpy Brown (164). 

strin, as hindered by the light 

& connecting the harness 


maze 


with a system of springs and pulleys for measuring the strength of 
Pull in grams. On the conflict test trials, Brown allowed the rat e 
pull for 5 seconds, then released the string so that the animal oul 
retreat into the base. The distance retreated could thus be measured. 
€t us turn back to the methods used for inducing te le 
or S {WO variable light sources (see Fig. 42) ae ee 
om Setting up a discrimination problem, and the gt AE 
me Punishing incorrect responses. After perlite o i ae ae 
h: ts Were taught a discrimination habit. On each kip per oe 
ada bright light, the other a dim light. Half the ra hearer 
© approach the dim light (and receive food) and avers pe ie 
ight. For the other half, the situation WaS reversed. The ae 
Of the simul wate a et zed between the two alleys on successt 


tri ; ; 
als, to avoid position habits. 
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A total of 48 animals was used. Half the animals were shocked 
for going to the wrong alley, and half were merely deprived of 
food. Since the, animals had already been divided into two groups 
on the basis of the positive stimulus used (bright or dim), this 
subdivision created four groups of 12 rats each. 

All animals were trained until they made 12 successive correct 
responses. Training took place under 46-hour food deprivation. 
After learning, each rat was given three different test situations 
on one day, and three more test trials four days later. The only 
difference between the two test periods was that on the first day 
half the animals were under 46-hour food deprivation and the 
other half under 1-hour deprivation, whereas on the fourth day 
the situation was reversed. 

The three test trials actually included one approach-approach 
situation, one avoidance-avoidance situation, and one double- 
approach-avoidance situation. To set up the approach-approach 
test situation, Brown flashed on two positive stimuli (one in each 
alley). Thus, if the animal had been trained to approach a dim 
light, on the approach-approach test trial a dim light appeared in 
each alley. The avoidance-avoidance situation was set up by 
putting on the two lights which the animals had learned to avoid. 
In the double-approach-avoidance situation, the overlap of general- 

‘ization gradients was assumed and each of the two lights used 
had a brightness value halfway between the bright and dim light 
used during training. Under this situation each light might be 
expected to evoke both approach and avoidance tendencies, and 
since there were two lights, a double-approach-avoidance situation 
is presumed to have resulted. 

Each rat was given all three test situations. We know that these 
test situations should not be given in the same order for all animals 
if we want to compare the conflict resulting from the three con- 
ditions. We also know that with three conditions it takes 6 Ss to 
counterbalance completely the order of conditions. Thus, for 
each of the four sub-groups of 12 rats each, two blocks of counter- 
balancing would be used. One block of 6 Ss had its first test trials 
under 46-hour deprivation; the other block under 1-hour depriva- 
tion. The deprivation time was reversed for the animals in the 
eel ge ea 

> gh a very excellently planned one. We 
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will note that no two of the 48 rats went through exactly the 
same order of conditions throughout the experiment. Now, let 
us review the entire design, point by point, to see the purposes 
of the various sub-groups. 

1. Half the rats were trained to approach the dim and avoid 
the bright light; half were trained under opposite conditions. By 
this procedure, any natural biases for approaching bright or dim 
lights should not prejudice the results. 

2. The variable of shock or no shock for wrong responses is 
added by having half the Ss serve under one condition and half 
under the other. This gave four sub-groups of 12 animals each. 

3. On test trials the variable of deprivation time was added. To 
counterbalance the order of testing, half the animals had the 
46-hour condition first and the 1-hour condition second (four 
days later); for the other half, the conditions were reversed. Since 
each sub-group of 12 was split in half, this gives us eight groups 
of six animals each. 

4. Finally, since the order of conditions for each test day might 
have influenced the results, the sequence of the three tests for 
each rat was different, for with the three test trials (approach- 
approach, avoidance-avoidance, and double-approach-avoidance) 
6 rats would provide complete counterbalancing. 

From this analysis we could see that a single rat might have the 
following conditions: an approach toward dim light; shock for 
errors; 46-hour deprivation on first test; 1-hour deprivation on 
second test, and test in the order of avoidance-avoidance, approach- 
approach, and double-approach-avoidance. No other rat followed 
exactly the same sequence throughout. 

Both measures of withdrawing showed about the same results, 
so that one could be substituted for the other in this situation. We 
shall, therefore, present only results showing withdrawing in 
terms of amount of mean maximum pull exerted in “trying to 
get back” into the base of the Y. Graphical representation is 
given in Fig. 43. As we might expect, the avoidance-avoidance 
situation produced the greatest amount of withdrawal under all 
Conditions. Also, as we might expect, the approach-approach 
situation instigated only slight withdrawing behavior. This is in 
line with other findings. The slight evidence for withdrawal under 


the approach-approach situation is due, Brown thinks, to avoidance 
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tendencies produced by the spread of the avoidance gradient 
to the positive stimulus. i 

The results show the importance of deprivation time as a vari- 
able. Greater deprivation time should increase the strength of the 
approach tendency and thus reduce the amount of withdrawal. 
This is clearly shown. Shock is shown to be influential in increas- 
ing avoidance tendencies, since with deprivation time held con- 
stant, greater withdrawal is shown in the rats which had been 


a 
E 
E 35 
= 30 1 hr. deprivation; 
5 ‘shock for errors during training 
B25 
E 
Ë 20 1 hr. deprivation; no 
a shock for errors during training 
~ 15 
46 hr, deprivation; 
= » shock for errors during training 
zs 46 hr, deprivation; no 
g = Shock for errors during trainin 
Approach- Double- Avoldance- 
Approach Approach- Avoidance 
Avoidance 
Conflict Situation . 
Fro. 43. Withdrawal behavior as a function of conflict situation, Adapted from 
Brown (164). 


shocked for errors during learning. Comparatively, however, it 
can be seen that shock for errors does not add as much to the 
withdrawing tendency as 46-hour deprivation of food adds to the 


approach tendency. Increase in the strength of the shock would 
undoubtedly change this relationship. Or, it is possible that by 
reducing deprivation time to, let us 


say, 20 to 30 hours, the in- 
fluence of the shock would just balance 


the a; cies 

produced by deprivation. ae a 
Psychological withdrawal. 
wash his hands and face and 
he doesn’t. The child is told 
hands and face.” This sets up 


Suppose a child does not like to 
yet is punished or scolded when 
by the parent to “go wash your 
an avoidance-avoid: ituation. 
The child is not likely to leave the house—to withdagy phyaitally 
—although such a response would not be unheard of. Rather, 
the child on the i 


way to the bathroom may get side-tracked or 


CONFLICT 261 


thoroughly engrossed in some other task as if he had forgotten 
his mission. This behavior suggests a form of psychological with- 
drawal. 

Such considerations indicate that if we set up an avoidance- 
avoidance situation we might measure amount of withdrawing 
in terms of the number of extraneous and irrelevant activities 
in which S$ engages. Without detailing the experiments, we may 
say that this expectation has been confirmed by French (100) 
using college students as Ss, and also by Sears with high-school 
students (337). The quantification consisted in both cases of measur- 
ing how long $ spent on extraneous activities not pertinent to the 
accomplishment of a task toward which there were conflicting 
tendencies. Psychological withdrawal, as measured by time spent 
on extraneous activities must therefore be added as an index of 
conflict. Such withdrawal will occur only in instances in which 
the avoidance-avoidance situation exists, or in which the avoid- 
ance tendencies in the avoidance-approach or double-approach- 
avoidance situations are stronger than the approach 


Compromise Responses 

On test trials in the conflict board situation, it was observed 
that some Ss drew lines down the middle of the board—halfway 
between the two corners. This illustrates a compromise response 
since both response tendencies showed themselves in a single 
action. Similar results have been observed in other investigations 
(340, 355). Measurement of the compromise response may be 
made in terms of the amount of deviation from the non-conflict 
movement. 

Compromise responses have been observed in animals but we 
have no instance in which these have been systematically measured. 
On the jumping stand, animals are sometimes reported to jump 
abortively when faced with an insoluble problem. Under normal 
Circumstances the animal will hit the card or window with his 
Nose and front paws. On the abortive jump it hits the card with 
the side of the body as if there were no expectation that it would 
gain entrance. 

Cook (64) describes certain behavior in rats in an approach- 
avoidance situation which appears to be a form of compromise. 
Rats gradually approached. the stimulus situation and then 
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suddenly jumped to the side, or jumped up on the side of the cage. 
The response took the animal no closer to the stimulus and no 
farther away from it. 

Except in the simple spatial situation, such as illustrated by 
the conflict board, no quantification of compromise responses 
has occurred. 


Seizures 


As indicated previously, when a rat placed on the jumping 
stand in an insoluble problem situation refuses to jump, forcers 
are necessary. It was during an experiment in which an air forcer 
was being used that Maier first recorded extremely deviant behavior 
in rats (239). Following the air blasts some of the rats jumped 
from the pedestal, net, or feeding platform and ran wildly in a 
circular path about the room. Some ran headlong into walls, 
chairs, or table legs. After a short period of this violent running; 
convulsive-like behavior appeared. Body tremors were noted 
followed by a state of inertness in which E could “mold” the animal 
into various postures. Then there was a gradual return to normality. 
It appeared as if the avoidance-avoidance conflict situation had 
produced extremely deviant: behavior. 

Subsequent research by Maier and others have shown that it 
is not the conflict situation as such which can account for the 
deviant behavior. It now appears that a major factor in producing 
the seizures is the high frequency sound waves present in the air 
blasts. For example, seizures can be induced in some rats while 
in home cages merely by jangling keys. Since there is no reason 
to believe that conflict is present in such instances, the cause 
must be a susceptibility in some rats to the sound waves produced 
by the keys. How these sounds operate to produce the seizures is 
unknown, although a large body of literature has already beer 
built up showing that numerous variables, such as drugs, tem- 
perature, and so forth, will influence the susceptibility of the 
rats to seizures. Finger has reviewed these variables as known 
through 1946 (97). Morgan and Waldman have called the seizures, 
induced by auditory stimulation, audiogenic seizures (268), and this 
is the term now in common use. 

It is known that certain conditions will lower the audiogenic 
seizure threshold, thus making the animals more prone to exhibit 
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the deviant behavior. One of the psychological variables which is 
important in lowering the threshold is the avoidance-avoidance 
conflict situation. This is demonstrated in an experiment by Maier 
and Longhurst (242). n 

The experimental group of animals was trained on the jumping 
stand to make a discrimination between a black and a white circle, : 
with the black circle being the positive stimulus. The habit was 
considered learned when 10 errorless responses were made on 
each of three consecutive days. At no time during training was 
an air blast used. Following this training the conflict situation 
was introduced by presenting a screen with only one window. 
Half of the time the card in the window was the positive stimulus 
and half the time it was the negative. If the animal did not jump 
during a 30-second period when either card was presented a blast 
of air of moderate intensity was applied. Previously, the intensity 
of the blast had been shown to be below the seizure threshold for 
most of the rats. ’ R 

The control group was comparable in every way to the eT 
mental group except that`its members received no preliminary 
training on the cards. These animals were simply placed on the 
pedestal, and after go seconds were exposed to a blast of air. 
The animals did not jump from the blast of air since they i 
no training in jumping and the air blast was not strong ean 
to force a jump from the stand in the unfamiliar situation. T = 
this group was exposed to the same air blasts as the gens 
group but they cannot be considered to be in the same conflict 
Situation as was the experimental group. 


TABLE 19 


OF 
INFLUENCE or CONFLICT IN DECREASING THE ‘THRESHOLD 
AupIoGENIG SEIZURES 


oa Number Rats 
Frequency of Seizures Showing Seizures 
Group 
Trials | Seizures | Per cent Number | Per cent 
ATs oy ols (Seizures) pa Per cent 
Experimental (N = 37) | 296 60 20.3 n A 
Control (N = 44) | 352 27 7.6 i 


Data from Maier and Longhurst (242). 


1s 
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The basic results are shown in Table 19, in terms of number 
of seizures and number of animals having seizures. Ten trials a 
day, half with the positive card and half with the negative card, 
constituted one test day, and the experiment ran for eight such 
test days. The data clearly indicate that some factor is added in 
the experimental group which increases the frequency of seizures 
over that shown by the control group. It is Maier’s belief that 
this feature is the conflict produced by the insoluble problem 
situation. Thus, frequency of seizure becomes an index of conflict 
when compared with frequency in a non-conflict situation. 


Performance Changes on Standard Task 


As in the case of the study of frustration induced by methods 
other than conflict, performance on a given task may be expected 
to be influenced by conflict situations. Three different approaches 
to this problem will be studied. 

Regression. We are already familiar with the concept of 
regression as indicating a reversion to an earlier form of behavior. 
In the previous chapter an instance of experimentally produced 
regression in children was discussed. At this point we wish to 
review the animal studies. The basic pattern of several experi- 
ments has been the same. Habit A is acquired first. Following 
this, an opposed habit, B, is learned to the same situation, thus 
requiring habit A to be abandoned. On test trials E gives the 
animal a strong electric shock and observes which behavior 
sequence follows, that is, whether the animal executes Habit 4 
or B. Tf the shock ‘causes Habit A to be reinstated, regression iS 
said to have occurred since the animal is now “going back” to 
an earlier form of behavior. We need to consider three studies to 
give us the essential methods. 

i The Mowrer Study. Mowrer (274) constructed a small box 
with the floor entirely covered by a steel grid through which 
shock of controlled variable intensities could be administered. At 
one end of the box a small lever projected from the wall. Jn 
a normal training series the rat was placed in the box and the 
intensity of the shock gradually increased. The physical activity 
of the rat was directly correlated with the intensity of the shock 
and sooner or later the animal would (by chance) hit the lever 
in the box, shutting off the current in the grid. Immediately, 
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however, the current would start to build up and again the rat 
was required to hit the lever to escape the shock. Learning in 
such a situation is precipitate. The very wise rat might deposit 
himself on the lever and stay there. 

In his demonstration of regression, Mowrer used an experi- 
mental and a control group. First, the experimental group was 
placed in the box with the lever withdrawn. The characteristic 
response shown by these rats was that of sitting on their hind 
legs which, it is presumed, diminishes the intensity of the shock. 
This habit, sitting on hind legs, may be designated Habit A. 
Habit B consisted of learning the lever-pressing response to escape 
the shock. The experimental group was able to accomplish this 
although it took considerable prodding to get the rats to abandon 
the sitting habit. A control group learned Habit B only. Thus 
we have: ` 
Habit B (lever-pressing) 


Experimental: Habit A (sitting) «--++++++**'* Senge sec! 
abi lever-p g. 


Contrals: es se saiia o ss 6 aaa 
on test trials, Mowrer 
be received through it 
als could proceed with 


In order to induce a conflict situation 
wired the lever so that a shock would 
when the rat touched it. Thus, anim 
Habit B but would have to endure a slight shock in order to escape 
a much greater shock to the feet. The results show that animals 
in the control group continued to execute Habit B for 10 trials, 
i.e., they “took” the shock through the lever. Of the five animals 
in the experimental group, however, four reverted to Habit A 
at the moment they felt the shock from the lever; that is, as soon 
as these animals felt the shock they sat up on their hind legs. 
The difference in the behavior of the control and experimental 
animals provides the demonstration of regression. ‘ 

2. A T-maze Experiment. Several Es have studied regression 
with the use of a simple T-maze or modification thereof. The 
earliest study was performed by Hamilton and Krechevsky (137) 
and will be used here as illustrative of the general methods and 
results, 

‘In this study the T-maze was modified so that one arm of the 

was twice as long as the other. Habit 4 consisted of making 
a left turn into the short alley. If food is present at the end of 
both arms, rats will eventually come to take the shorter path to 
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food. The animals were given 10 free runs a day until go per cent 
of their last 50 runs were to the shorter alley, hence, a left turn. 
For establishing Habit B the maze was turned over so that now 
the “correct” path—the short path—was entered by a right turn. 
The right turn would thus be an antagonistic response to the 
left turn defining Habit A. Enough trials were given on Habit B 


so that it was clear Habit A was breaking down—the left turn 
was being avoided. 


A . Experimental 


Mean Number Left Turns 


1 2 3 


k oR Ga Se oe |e 
Pre-Test Periods 


Test Perlods (10 trials per period) 


Fio. 44. Regression in rats. The experimental group was shocked at the 
choice point on all test trials. Data from Hamilton and Krechevsky (137)+ 


The test periods consisted in shocking the rat just before it 
reached the choice point at the junction of the two arms. If 
regression occurs, the number of animals following Habit A 


should be greater than the number of a control group which had 
no shock. We would expect the control group to continue follow- 
ing Habit B. The results are shown in Fig. 44. Also shown are 
the last three training periods on Habit B, demonstrating that 
before the introduction of the shock the two groups were per- 


forming equally well on this habit. After the introduction of 
the shock, however, 


t 10ck the experimental group shows a decided 
increase in the frequency of A responses. The number of A 
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responses remains relatively constant for a total of 100 trials (10 
test periods). The difference in the behavior of the two groups 
must be attributed to the shocks given the experimental group. 

3. A Multiple-Choice Situation. Kleemeier (202), after studying 
the methods and results of several investigations in the T-maze, 
Suspected that one significant interpretation had been overlooked. 
When a two-choice situation is used, the influence of the shock 
might not be that of precipitating a return to an earlier learned 
habit as such, but rather one of bringing about an avoidance res- 
Ponse to the continuation of the B habit. If the shock produces an 
avoidance response to B, where else can the animal go but to 
A? If this is true, Kleemeier argued, shocking a rat at the junction 
ofa multiple-alley situation would show that in the cases of those 
Tats not continuing Habit B, the choices would be about equally 
distributed among the other alleys. This would be evidence that 
the animals were not “going back” to Habit A, but rather, were 
avoiding B. ; 

To test this hypothesis, Kleemeier constructed a maze with 
four arms leading off from the junction instead of the two in 
the simple-T, An animal was trained to go down first one of the 
four alleys (Habit A) and then down a different alley (Habit B), 
food being the incentive for both habits. All possible combinations 
of alleys were used for the different sub-groups of animals. One 
group would acquire A in Alley I, and B in Alley II; another group 
would learn 4 in III, and B in I, etc., so that alley bias should 
Not prejudice the results. With four alleys there are six com- 
binations of alleys taken two at a time. If we reverse the order 
of alleys for each of the six combinations the total number of 
sub-groups needed is 12. In this experiment, 6o rats were divided 
into 12 sub-groups of five each to effect complete counterbalancing 


of alleys taken two at a time. 

After training, 50 trials were given wi 
before the animal reached the junction poin 
Tats, a total of 3000 trials was involved. 
T Table 20, show that about 50 per cent o. 
with the B habit. This figure is roughly equ 
in several simple-T maze studies. To confirm Kleemeier’s hypo- 
thesis that so-called regression responses may only be avoidance 
responses to the B alley, we would expect the remaining 50 per 


th shock delivered just 
t. Since there were 60 
The results, as given 
f the animals continued 
ivalent to those found 
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cent of the runs to be almost equally distributed among the other 
three alleys, or about 17 per cent in each. This is not the case. 
On 27 per cent of the trials the animals took the Habit A alley, 
whereas they took the remaining two alleys about 12 per cent 
of the trials. There is thus some evidence for regression; training 
on a given alley determines to some extent the response which 
will be made when an on-going habit learned later is shocked. 
It is clear, however, that the evidence for regression is not strong; 


and this experiment shows the importance of the availability of 
other alleys. 


TABLE 20 
REGRESSION IN A Four-Cnorce Mazz 
Habit A Habit B Digression 
Number Choices 805 1478 717 
Percentage 26.83 49,27 23.90 


Habit A would be considered a regression response; Habit B a con- 
tinuation of the response most recently learned, and the digression 


responses those cases in which rats took one of the two other alleys 
available. Data from Kleemeier (202). 


At present the empirical facts concerning regression show 
that when an on-going behavior is disrupted the animal is likely 
to return to an earlier learned habit with greater than chance 
frequency. From several experiments we know that the amount 
of regression is a function of manipulable variables. For example, 
shock must come in the maze and not outside the maze—the shock 
effects are specific to the situation and the on-going performance 
of Habit B (330); regression may be evident at the first choice 


point of a two-unit maze but not at the second (295); the stronger 
i B habit the less the likelihood that regression will occur (249). 


ne variable, intensity of shock, has not been manipulated. 
Differences in amounts of regression found among various ex- 
periments may well be a function of this factor.* So far as we 
can tell at present, the interpretation of regression, like the more 
*One may wond i i i 
PSA S om zy mbe tat „continues to run on successive trials when 


ej ky experi- 
P. 115). The complexity of the exp! oe offered by Farber (93, Footnote, 
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riven conflict phenomena, must be based on learning prin- 
om 2 is presumed that regression occurs when the avoidance 
G e B habit produced by the shock is stronger than the avoid- 
nce of the A habit originally set up when B was being acquired. 
r Fixations. Under the influence of strong shock, rats may 
evelop extremely stereotyped responses. These responses are 
exceedingly resistant to change and will persist for many trials 
after the shock has been removed. Inasmuch as they are not 
ral jane to the situation after the shock has been eliminated, 
ey may, be considered a form of deviant behavior. 

While most Es have demonstrated fixations by the use of shock, 
Klee’s work (201) makes it clear that other forms of severe 
punishment may result in fixations. Klee first trained rats on a 
jumping stand discrimination problem. After training, the prob- 
lem was made insoluble and the rats were forced to jump by 


air blasts or by very long periods of food deprivation. Klee observed 
e to this insoluble 


that a rat would develop a characteristic respons 
situation; for example, it always jumped to the left window. 
When the problem was then made soluble the characteristic 


response developed by a rat would persist over scores of trials, 
rats, the emergence of an adaptive 


and, as compared with control : 
or correct response was long delayed. The difference in behavior 
of the control animals (not having had the punishment) and the 

experimental animals defines fixation. T 
Fixations are not to be thought of as responses differing in 
(93) theoretical 


kind from an ordinary learned response. Farber’s à 
and experimental analysis of fixations makes it appear very likely 


that these responses are produced by principles which are no 
different from those producing normal learning. We will not 
Consider this matter further at this point since it would take us 
far afield into theories of learning, 3 topic we are reserving for a 


later chapter. Sh; r, 
It is improbable that human punishment situations as used in ` 
the laboratory are comparable to those used for producing 
tions in rats. Fixation by definition represents low variability 
of response, and with humans the usual effect of punishment is 
to increase variability (337): Fixations comparable to those pro- 
duced in rats have not been produced experimentally in humans. 
However, the persistence of certain human habits in spite of 
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their non-adjustive nature makes it likely that such phenomena as 
fixations are not restricted to animal behavior. 

Discrimination breakdowns. When a conflict is induced by 
pushing a discrimination problem to the point where the animal 
is no longer able to differentiate, it has been noted that the animal 
may lose its ability to make even much easier and well-established 
discriminations. This was first noted by Pavlov and has been 
verified by many Es. There have been no systematic quantitative 
reports on how the amount of loss of discrimination ability is 
„related to such factors as length of training in the difficult dis- 
crimination situation, the amount of conflict as inferred from 


difficulty with the easier discriminations—those readily distin- 
guished on preceding trials. This was likened to the breakdown 
of discrimin: 


— 


T mem =—_ 
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Thus, near the threshold he might make an error and get shocked; 
make a correct response and receive no shock; make two imeartect 
responses and get shocked for each, and so forth, for a considerable 
period of time before he actually made three consecutive errors 
and could start over again with stimuli which were easily dis- 
criminable. If we grant that S soon discovered that by voluntarily 
making three consecutive errors somewhat early in the series he 
could start a new series, this could account for what appeared to 


be a reduction in discriminative ability. 


General Observations 


Finally, in addition to the 
cussed, we should mention t 


measures of conflict thus far dis- 
hat most Es record their general 


observations of the behavior of Ss. Most of the observations are 
used for inferring the existence of emotional disturbances in the 
organism. Among animals, vocalization is a common response to 
a stress situation. Rats will squeal and struggle; dogs will bark, 
whine, and bite at the apparatus. Other animals show similar 
behavior. In certain instances (64, 219) animals séem to become 
hypersensitive to touch. Merely brushing the hand across the 


rat’s leg may bring loud squealing and struggling. Certain other 
mount or frequency 


indices of upset have been used, such as a 
of defecation and urination. The observations are sometimes 
reported in terms of percentage of animals showing the various 


kinds of behavior. 


IN THE CONFLICT SITUATION 


w additional 


BASIC VARIABLES 
e covered, and from a fe 


From the material we hav 
considerations, we will be able to point out certain manipulable 
variables which cause the amount of conflict to vary- In some 
cases the data are fairly clear-cut; in others it will be necessary 
merely to suggest the probable variables and the relationships 


which obtain. e 
In any conflict situation the most important single factor 
which will determine the amount of conflict is the relative re- 
sponse strengths of the opposed tendencies. Unfortunately, how- 
ay manipulate to 


ever, there are several conditions which Em 
change relative response strengths so that ın actual practice a 
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series of sub-variables will have to be indicated as those actually 
manipulated. 

It is presumed that maximum conflict will take place when two 
opposed response tendencies are exactly equal in strength. It 1s 
doubtful that such a pure situation can be devised, but approxi- 
mations to the condition are possible. Sears and Hovland (340) 
have found that if two incompatible movement responses are 
given an equal number of trials, greater blocking will occur on 
a test trial than if an unequal number of trials are given. The 
same general principle has been derived in verbal learning situa- 
tions where two different Tesponses to the same stimulus have 
been learned (389). There seems to be no reason to doubt the 
general principle that the more nearly equal are the opposed 


Tesponse tendencies the greater the conflict. In relatively simple 
Situations at least. 


» maximum conflict is to be inferred when blocking 
takes place. 

It is reasonable to suspect that as the incompatible responses 
become more and more unequal in strength, there will be a suc- 
cession of response-types, from oscillation or vicarious trial and 
caer. RE ee where immediate approach or immediate 

nce takes pla, A F 
E ita lage ne measurable conflict), Thus, we might 
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Miller’s analysis of various data (259) on gradients of approach 
and avoidance also makes it clear that the avoidance gradient is 
steeper than the approach gradient. The implications of this may 
be suggested by an illustration. Suppose it was determined that 
the strength of an approach tendency when an animal was just 
out of reach of a piece of food was the same as the strength of 
an avoidance tendency at a point right next to an electric grid 
which had been used to shock the animal. Now we put the food 
on the grid and place the rat, let us say, 5 feet away. Will he 
approach or retreat? If the avoidance gradient bas a steeper 
slope than the approach gradient we would expect the animal 
to approach to the edge of the grid at which point the tendencies 
are equal. Thus, on the basis of differences in the slope of ap- 
proach and avoidance gradients, relative response strengths will also be 
determined by distance of the organism from a negative or positive stimulus 
situation. 

Let us take another illustration to show how neatly the differ- 
ence in slope of approach and avoidance gradients will allow 
for prediction of behavior. Miller (259) reports these observa- 
tions from work on a straight-alley maze. First, Miller determined 
the strength of pull of a rat away from a shock at one end of the 
maze. Then he determined the strength of pull toward food. Both 
measurements were made in close proximity to the shock source 
and food respectively, and under these conditions the avoidance 
tendency was stronger than the approach tendency. Next it was 
shown that at some distance away from the food and shock source 
the approach tendency was stronger than the avoidance tendency. 
This implies that the two gradients cross each other; hence, have 
different slopes. 

We may schematize this situatio: i i] 
alley maze to be the abscissa of a graph on which the ordinate 
represents response strength (Fig. 45)- After the approach and 
avoidance tendencies were set up by the rat’s receiving food 
and shock respectively in the left end of the maze, what pre- 
diction would we make concerning his behavior if he is then 
placed in the starting box at the right end of the maze? Initially, 
the rat should start running toward the other-end—the food box 
end—since the approach tendency is strongest. However, at the 
Point where the two gradients intersect (dotted line), the rat 


n by assuming the straight- 
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i d avoid- 
ies of approaching an ¢ 
It, because the two tendencies o epee 
eee rel ee strength. This is exactly what os p S 
ES such situation. He started running down the 


i ate 
then literally skidded to a halt, subsequently showing altern 
approach and avoidance behavior. 


Response Strength 


Ret ted and 


Point of Rat pláced 
Shocked here maximum here on test 
during training conflict trials 
Fio. 45. Prediction of conflict behavior on the basis of di 
approach and avoj F 


Known and Probable Variables 
When we consid, 
question to ask: “Wh 
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a, Varying number of training trials. 

b. Varying amount of positive incentive, e.g., amount of food, and by 
varying amount of negative incentive, e.g., amount of shock. f 

c. Varying approach tendencies in terms of strength of motivation, 
e.g., hours of deprivation. No equivalent manipulation is possible 
for avoidance tendencies. 

d. Varying distance from negative and positive stimuli. This would 
be based on empirically determined differences in slope of approach 
and avoidance gradients for given negative and positive incentives. 
It is not known, for example, whether or not different kinds of 
negative incentives produce different slopes of their respective 
avoidance gradients. 


2. Nature of the incompatibility. Nearly all studies have tended 
to show that an approach-approach situation produces very little 
conflict behavior as compared with the other three types of 
situations. Among themselves the other three situations have 
been shown to produce varying amounts of conflict (-8:s Brown’s 
study). We cannot be sure that this is due to the intrinsic nature 
of the situations or whether other factors, such as relative response 
Strengths, have also varied. ; 

3- The absolute strength of incompatible tendencies. We may keep 
relative strengths of tendencies constant and vary absolute 
Strengths by the methods indicated in 1-b, and 1-c. Evidence 
tends to suggest that the greater the absolute strengths, the co 
Severe the conflict responses. We may consider as severe con! ic 
responses those which are indicated by seizures, strong fixations, 
withdrawal to a point of starvation, and strong emotional a 
sponses. These will be indicative of sévere conflict as compared, 
for example, with vicarious trial and error. The latter may a 
with the former, but when it occurs alone, conflict is smat. ın 
amount, abe e A 

4. Duration of exposure to conflict situation. ae eg pve 
Support the principle that in situations in which p! Ea wie a 
is high, the length of exposure is directly related to 
conflict. Let us quote Liddell on this matter: 


_, The daily period of setimposed restraint to which the amen, cose 
in the conditioning laboratory, together with its relinquis! ee gk ge 
and spontaneity within the testing period, we now belie’ A ne 
foundation for the pathological outcome of long-continue g 


(219, p. 395). 
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There is another problem concerning the variable of duration 
which has received little attention. We refer to the resolution of 
conflicts. What mechanisms, for example, bring about the resolu- 
tion of the conflict when the rat is “caught” in an approach- 
avoidance situation in a straight-alley maze? What happens as 
a function of duration of conflict, which resolves it? Do the 
approach and avoidance tendencies extinguish or weaken? Are 
there other responses which interfere with conflict responses? 
Very little is known about these problems. 

5. Escape possibilities. This applies most specifically to the 
avoidance-avoidance situation. It seems clear that the greater the 
escape possibilities the less is the conflict as measured by all other 
indices except withdrawal. 


EMOTION AND MOTIVATION 


Throughout this and the previous chapter, and to a lesser 
extent in the chapter on motivation (VI), we have used the term 
emotion without’ defining it. We stated only that it was used as 
a synonym for motivation. We are now prepared to consider this 
matter more fully. . 

The status of our knowledge concerning emotional processes 
as usually treated can only be described as lacking or confused. 
There are physiological changes concomitant with what are com- 
monly called emotional states, but there is little agreement as to 
the relationship between these physiological changes and a par- 
ticular emotion (6). For our purpose, then, it will be important 
to get a point of view or conception of emotions which will 
integrate with other concepts with which we have dealt, The 
point of view to be suggested here is for the sole purpose of 
giving a working orientation for the prediction of behavior. It 
makes no attempt comprehend the physiological processes 
involved, 

It is proposed that we conceive of emotion as a variable state 
of the organism, the variation being described in terms of 2 
ee of emotional tone or tension. We do this without 
eee oe, coke a critical differentiation between emotional 

. ension would extend from a point of low emo- 


ti ; Š 4 
onal tension (sometimes described as apathy, lethargy, ennui, 
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and so forth) to a point of high emotional tension (sometimes 
described as excitement, anger, rage, and so forth). 

It is further proposed that we conceive of motivation variations 
as lying along exactly the same continuum. This indicates that 
in terms of functional relationships which hold between varia- 
tions in motivation and performance, and between variations in 
emotional tone and performance, we are dealing with the same 
process, or at least different aspects of the same process. We 
have used changes in tension as the basic measurement from 
which we infer changes in motivation. We may think of the same 
measurement as the basic index for inferring changes in emotional 
tone, and if we do this, we cannot scientifically distinguish between 


the two. 

If past practices have been interp. 
tions, such as rage, fear, or anxiety, have been used to describe 
what’ we have referred to as the high end of the motivational 
continuum, and such states as sorrow and dejection have been 
used to describe the low end of the motivational continuum. 
There seems to be no reason to keep the two conceptual cate- 
gories separate, especially since the data, although somewhat 
skimpy, show that in terms of performance changes, both motiva- 
tion and emotion show the same relationships. Briefly, let us 
sum up this evidence which has been scattered throughout the 


last three chapters. 

We may state the gen 
working at either extreme of 
a decrement in performance W. 
of-the-continuum performance. 


reted correctly, strong emo- 


eral principle that when an organism is 
the motivation-emotion continuum, 
ill result as compared with middle- 
How much decrement occurs will 


depend upon many variables, such as type of task, stage of learning, 
ctc., but the general principle holds. It is a rare case in which the 
optimum motivation-emotion condition is at the high end of the 


continuum. Furthermore, it is doubtful if an organism can operate 
at the high end for any long period of time without physical 
breakdown. We might even suspect that the upper quarter of the 


continuum represents the “ulcer range.” ? an 
Let us sample the evidence concerning the organism working 
at the high end of the continuum: 
1. Induced tension beyond a certain poi 


learning, We have conceived of induced tension 


int produces a decrement in 
as a method of increasing 
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motivation. It has been suggested by some that learning is inhibited at 
high tension levels because of the emotional states which appear. We are 
suggesting that these emotional states and high motivation are one and 
the same thing. 


2. Problem-solving ability will decrease under so-called strong emotional 
responses following frustration. Non-adjustive, bull-dozing behavior 
emerges when over-stimulation occurs. 


‘3. Strong punishment leads to panic-type responses and it is observed 
that the variability or plasticity is reduced. This rigidity reduces the 
probabilities of adjusting to a new situation. 


Experimental evidence of the relationships between perform- 
ance and the low end of the motivation-emotion continuum is 
consistent throughout. We have seen several instances in which 
frustration appeared to lead to apathy and dejection, performance 
scores decreasing concomitantly. This, we suggest, is motivational- 
emotional deterioration. Anecdotal and case history evidence will 
further substantiate the general relationships between emotion and 
motivation and the two extremes of the continuum. 

Without ever considering the extremes of the continuum, and 
how these extremes are correlated with performance decrement, 
we have evidence that the so-called emotions have the same 
functional properties as do motives, i.e., they energize, direct, 
and sustain behavior (cf., Leeper, 212, for a summary of these 
functional properties as well as an excellent discussion of the 
whole problem of emotions and their definition). For example, 
Miller (260) has recently shown that if a rat, shocked in a box 
for several trials, is allowed to escape to another box after each 
shock, the avoidance response (fear) to the situation will per- 
petuate itself so that it may be used to establish a new response 
of lever-pressing. The latter is true even though the shock as 
such has long since been removed. The stimulus situation asso- 
ciated with the shock became effective in producing escape moti- 
vation, and this motivation served as the basis for the acquisition 
ies coe ou of course, is a clear case of derived motiva- 
ae Aer oret “te commonly considered an emotional state 

ar, is quite generally accepted as a fundamental 


motive i è 
you of Runan adult behavior; your own self-analysis will assure 
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Are there motives which are not emotional in nature? We do 
not think so. Our conception is that so-called emotional states 
represent the high and low end of the motivation-emotion con- 
tnuum, and that any motive, when it becomes strong, will produce 
behavior which normally would lead us to infer an emotional state. 
The important point is that emotions and motivation are func- 
tionally equivalent—are interchangeable when we want to predict 
behavior. We propose to think of them as one and the same 


thing. 


SUMMARY f 
d to produce frustration. By this 


1. Conflict is a method use 
onse tendencies are simultaneously 


method, two incompatible resp 
elicited. 

2. Four general c 
terms. These were: (a) approac 
ance, (c) avoidance-avoidance, 
ance. 

3. General experimental methods were outlined for setting up 
each of the above kinds of conflict situations. 

4. Methods of response measurement and analysis were dis- 
cussed at some length. As we would suspect, many responses in 
the conflict situation are the same as those responses to frustration 
induced by other methods. The conflict situation has additional 
responses which appear to be intrinsic to it. All responsé devia- 
tions are actually or assumed to be determined by comparison 
with a control condition in which there is no incompatibility of 
responses. The following response measures were illustrated: 
(a) latency, (b) vicarious trial and error, (c) withdrawal, includ- 
ing both psychological and physical withdrawal, (d) compromise 
responses, (e) seizures, (f) performance changes, including regres- 
sion, fixation, and discrimination breakdowns, (g) general 


observations. 
5. Basic variables were discussed and their relationship with 
amount of conflict stated. These variables are: (a) relative re- 


sponse strengths, (b) nature of incompatibility, (c) absolute strength 
of responses, (d) duration of exposure to conflict, and (e) escape 


possibilities. 


onflict situations were schematized in spatial. 
h-approach, (b) approach-avoid- 
and (d) double-approach-avoid- 


19 
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6. Finally, a proposal was advanced that we view emotions as 
continuous with motives, and speak of a motivation-emotion 
continuum. 

We have seen that conflict studies have similarities to the 
psychophysical studies considered in the early chapters, We shall 
see in the next chapter on transfer of training that de-traumatized 
conflict is common. In all studies of learning where interference 
among responses is observed, we are probably dealing with con- 
flict of a less traumatic nature than discussed in this chapter. 
Basic principles for the prediction of behavior should be common 
to all responses where interference is noted. 


CHAPTER IX 


Transfer of Training 


INTRODUCTION 


A trans-oceanic Lockheed Constellation landed at Shannon Air- 
field in Eire and started to taxi to the unloading zone. The pilot 
ordered “flaps-up” and the co-pilot automatically reached for a 
lever on the left side of the seat. The lever was pulled, the wheels 
came up and the plane dropped 7 feet to the runway and was 
badly damaged. Investigation showed that the co-pilot had been 
trained earlier on another type of transport plane in which the 
flaps-up lever was in the same position as the wheels-up lever on 
the Constellation. This earlier learned response, pulling lever at 
left to stimulus “flaps-up,” had momentarily displaced the newer 
Tesponse of pulling the proper lever to the stimulus. This is an 
illustration of transfer of training. 

Definition. The influence of previous experience on current 
Performance defines transfer of training. To be most meaningful, 
however, the definition should be thought of in terms of the 
Operations by which transfer is measured. The experimental para- 
digm must include two activities or tasks, and an experimental and 
a control condition. Let X stand for the first task and Y for the 
Second; the operational definition of transfer is then given by the 
difference in performance on Task Y under the following two 
Conditions: 


If the effect of Task X is to inhibit performance on Task T 
negative transfer has taken place. If the effect of Task X is to 
facilitate performance on Task Y, positive transfer has taken place, 
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The performance of the confused co-pilot in the above story 
illustrates negative transfer, as does the evidence for interference 
between habits given in the previous chapter on conflict. Examples 
of positive transfer are so commonplace that we often overlook 
them. We are able to learn algebra more easily as a consequence 
cf mastering arithmetic; we may understand the game of softball 
more readily because of a knowledge of baseball; we hope we shall 
be able to grasp the material in this chapter more quickly as a result 
of having studied the earlier chapters. . 

As indicated, transfer effects may be positive or negative. We 
should add, however, that in some situations measurements may 
show neither positive nor negative transfer, hence we observe 
zero transfer. Zero transfer may result in two ways: (1) conditions 
for transfer of any kind are absent, or (2) conditions for ee 

` positive and negative transfer are present simultaneously an 
the two opposed effects cancel. If we consider the entire develop- 
mental history of the organism, especially the early years, we can 
see that the net effects of transfer must be positive or the organism 
will not survive. . 

We may think of empirically derived transfer effects as varying 
along a continuum one end of which is labeled “high positive 
transfer,” the other “high negative transfer,” with a point of 
“zero transfer” in the center. At the empirical level the study of 
transfer of training resolves itself into a search for stimulus dimen- 
sions producing the wide range of transfer effects. 3 

Orientation to topic. We have said that when an organism is 
placed in a problem situation trial behavior results. This was sug- 
gested by the several arrows in Fig. 3, Chapter I. Basically, the 
study of transfer of training is an attempt to discover the condi- 
tions which produce the specific trial responses, i.e., the conditions 
which cause the appearance of one response instead of another. 
It is a well-founded belief that when an organism is placed in 
a relatively new situation it will respond in a way which has been 
successful in previous situations similar to the present one. If the 
transferred responses are adequate or correct, positive transfer 

SEN if they are more or less persistently inadequate or incor- 
the eee Nae We have studied motivation and 
study the £ eS Motivated behavior; now, we are ready to 
y the factors which determine the adequacy or inadequacy of 
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previous experience as the motivated organism is faced with a 
problem situation. ; 

The topic of transfer of training has a long and somewhat stormy 
history. It has always been a central problem in theories of educa- 
tion, since formal education is given under the assumption that 
such training will transfer in part to real life situations. For decades 
almost unlimited positive transfer of training was basic educational 
philosophy. For example, Latin was learned so that English and 
other languages could be mastered more easily; Homer was 
memorized so that the faculty of memory could be improved; 
geometry was a required subject because the study of it would 
improve reasoning. Shortly after 1900, experimental attacks were 
launched to test the validity of these assumptions. From many 
researches we now know that the gross assumptions indicated above 
are unsound, and that positive transfer in such instances 18 very 
limited indeed (198, 233, 422): i 

Of course, we must still make assumptions concerning the 
transfer effects from the school room to other situations. These 
assumptions, however, are much less sweeping in character than 
was formerly true, since they usually refer to specific skills. This is 
implied by Stroud when he says: “The only object in teaching a 
child to count ducks, is to teach him to count; to count anything 
that can be counted” (371, p. 366). We do not expect training in 
counting to influence appreciably any skill but counting. Ti 

Order of topics. Because of the breadth of this subject, we s i 
omit from the present chapter certain details of gs 
design involving procedures with which we are not familiar. The 
following chapter, however, will be devoted entirely to @ con 
sideration of design problems. The nature of these considerations 
is such that we must know certain facts about transfer of training 


before they will be meaningful. 


We have suggested that an organism responds to relatively new 


situations in a manner appropriate to earlier similar situations. 
Thus, similarity between the first and second tasks brean aya 
basic dimension causing transfer effects to vary- Much of the 
chapter will be concerned with ways of manipulating similarity 
between two tasks. Other variables are actually secondary in 
determining transfer effects. This is apparent in the following order 


of topics of the chapter: 
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. Methods of response measurement 

. Similarity and transfer: a working orientation: 
. Dimensional variations in similarity 

. Non-dimensional variations in similarity 

. The influence of secondary variables 


OPO 


METHODS OF RESPONSE MEASUREMENT 


Preliminary design considerations. The paradigm wie 
operationally defines transfer also describes a basic experimenta 
design. The effects of transfer are measured in terms of differences 
in mean performance on the experimental and, control conditions 
on Task Y. Design Method II (Chapter V) requires that the groups 
be matched, one group serving in the control condition and the 
other(s) in the experimental condition. Matching may be on g 
basis of a highly correlated task or on the initial trials of the tas 
to be used in the experiment. The latter is accomplished by giving 
both groups a few trials or a short period of work on Task Y at 
the outset. Then, the experimental group is given work on Task ¥, 


and finally, both groups are measured again on Task Y. Diagram- 
matically, this would appear as follows: 


Experimental: Task Y ........., Task X 
Control: Task Y. 


Differences in performance of th 
Task Y would be a function 
that the use of the foretest on 
to a certain extent, obscure t! 
This is true because both grou 
with Task Y before the tra 
experience with Task Y wi 


e two groups on the final test of 
of Task X. It should be recognized 
Y to obtain data for matching will, 
he total transfer effect of X on I. 
ps will have had some acquaintance 
nsfer test is made. Moreover, initial 
ll probably have some transfer effect 


ental condition, and this may not be 
desirable in some experiments. 


namely, the experi 


Paradigm given to define transfer. The necessary restriction is 
that the two tasks 


» X and Y, be of equal difficulty. If th of 

3 l Y, y: ey are 
Vt a comparison of the scores on Task X with those 
will indicate the amount of transfer. We seldom have 
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two tasks which are known to be of equal difficulty, so that in 
actual practice the method is infrequently used. 

Units of measurement. For most tasks, one of the following 
four units is applicable: (1) trials to attain a given level of mastery; 
(2) time to attain a given level of mastery; (3) level attained 
after a given time or given number of trials; (4) number of errors 
made in attaining a given criterion of mastery, Or number of errors 
made during a given period of time or for a given number of 
trials. More than one measure is often employed in a single experi- 
ment, The amount and direction of transfer (positive or negative) 
will be determined by comparing the mean performance on the 
control condition with the mean performance on the experimental 
condition on the common task. 

The raw score units are sometimes expressed in percentage 
figures. Such a procedure is necessary, of course, if the transfer 
effects of one set of tasks are to be compared with those of another - 
set in which the raw score units are different. There are several 
ways of expressing the transfer in percentage figures (102), but — 


one illustration will do for our purpose. Let G stand for the mean 
of the control group on Task Y, and E the mean of the experi- 
mental group on the same task. The amount of transfer expressed 


in per cent would be: 
c—E 
<m X 100. 


ent is such that the larger the 


If the raw score unit of measurem| 
in trials to reach a given 


value the poorer the performance (as r 
criterion of mastery), the resulting per cent value will be negative 
if the transfer is negative and positive if the transfer is positive. 
If the unit of measurement is such that the larger the value the 
better the performance (as in level of mastery for constant number 
of trials), the signs will be reversed. 

In a given transfer situation there may be conditions producing 
positive transfer and other conditions producing negative transfer. 
Furthermore, the influence of these conditions may vary markedly, 
depending upon the level of performance on the second task, 
Task Y. The measurement we take at any point in performance 
on Task Y will nevertheless show only the net effects of the 
two influences; the measurement will show either positive or 
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negative transfer, but not both. Consequently, to evaluate the 
interaction of positive and negative transfer we must take a series of 
performance measures on Task Y. 


SIMILARITY AND TRANSFER: A WORKING 
ORIENTATION 


Similarity is a multiple variable in that it has several oo 
operational definitions. Furthermore there are (usually) seve 
components of two tasks between which a given similarity relation- 
ship may hold. Thus, the problem of relating transfer and similarity 
is a complex:one. 

The Sek to simplify the study of similarity and transfer 
involves two aims: (1) making the exemplary transfer situation as 
analytical as possible; and (2) providing a theoretical orient nap 
which will unify the results from various similarity rome A 
The first objective may be accomplished by use of „the ca 
associate learning situation, and the second objective may be 
realized by an application of the principle of generalization. 

The Paired-Associate Technique 

| The paired-associate technique, used primarily with verbal 
material, is a method wherein S is presented with a series of pairs 
of. words, the first member of the pair being the stimulus and the 
second member the response. S is to associate each response with 
its stimulus, so that when he sees only the stimulus he can make 
the response. Thus, in the instance, DESK—ARMY, he would 
learn to say ARMY when DESK is presented. 

Paired associates are customarily presented on a memory drum, 
a device which can expose one pair of words at a time, and each 


Successive pair for the same time interval. Typically, the stimulus 
word of a pair is 


È als are arbitrary, of course, but are the 
ones which have become fairly standard. 
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The number of pairs in a paired-associate list has varied, but 
from 8 to 15 have commonly been employed. Before the first. 
presentation of any list $ cannot know what the correct responses ~ 
are. So, he merely studies the pairs on the first trial and tries to 
associate each response with its stimulus. On the second trial he 
may remember some of the responses and will call out the re- 
sponses during the 2-second anticipation period. E records correct 
responses as well as incorrect ones. $ goes through the list time 
after time until he has reached the criterion of performance which 
E has established. The words are presented in a different order on 
each trial so that S cannot learn which stimulus is coming into 
the aperture of the drum before it actually appears, and so that 
he will not learn the response words serially by ignoring the 
stimuli. 

In studying transfer we must have at least two tasks; in paired- 
associate learning these would be two lists of word pairs. While 
we shall orient our thinking around this technique and its impli- 
cations, we shall by no means restrict our illustrations to studies 
in which it has been used. 


Generalization and Transfer 


In Chapter VIII we saw that generaliz t 
explain a number of conflict phenomena. Whenever changes 1m 
performance are measured as a function of changes in similarity 
of conditions, generalization is a useful explanatory concept. 
Because of the several ways in which similarity may be varied, it 
will probably help unify and simplify our thinking if we assume 
that all these variations are accompanied by changes 1n degree of 


generalization. p 
Stimulus generalization. When stimulus Æ gains power to 
elicit response B, other stimuli similar to A may also be shown to 
have some tendency to elicit B. This is stimulus generalization. Let 
us call these similar stimuli Az, 42, and 43, in which Ar is most 
similar to A, Az next most similar, and A3, least similar. The 
generalization gradient which we have preveiously discussed 
implies that Ar has the greatest probability of eliciting B, A2 the 
next greatest, and so`on. 
Response generalization. 
elicit response B, it will also tend to elicit r 


ation could be used to 


When stimulus A gains power to 
esponses which are in some 
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way similar to B. This is called response generalization. Responses 
which are similar to B may be called Br, B2, and B3, representing 
decreasing similarity with B. 

There is little systematic experimental evidence concerning 
response generalization (153). We can see that a gradient of 
response generalization could be derived empirically only after 
studying responses which had been made to a given training 
stimulus. For example, we would use stimulus A as the training 
stimulus for eliciting response B. Then we would present stimulus 
A as a test, keeping a record of all responses given to it, A great 
many Ss (or responses) would be required. Finally, we would 
scale the responses as to similarity with response B. If the frequency 
of responses Br, B2, and B3 were directly related to their similarity 
to B, we would have independent evidence (i.e., from the scaling) 
for a gradient of response generalization. Such an experiment has 


not been performed, so we can only suggest the probable existence 
of such a gradient. 


An illustration of response generalization is 
on retention (393). Ss learned two lists of pa 
member of the pair of each list was a two 
pair in the first list may be noted A 


and the comparable pair in the second list may be noted as A-C 
(the same stimulus as used in the first list but a completely different 
response). Sometime after learning the two lists, § was asked 
to give the first of the two responses which occurred to him when 
the stimulus A was presented—a word association test. Under such 
conditions the B or C response occurred most frequently, but in an 


appreciable number of cases responses occurred which were similar 


to C or B. Thus, the response resting occurred whereas restful was a 
BorC response; misi 


Grantee ty appeared in place of filmy; inane instead of 
p fe gaiety instead -of festive. The most reasonable interpretation 
ese findings is that these responses occurred as a consequence 


of being similar to th 
e learned response; thus, they demonstrate 
response generalization, ini J 


Full fos 
sae. Eyer that we do not have systematic evidence of 


aren; age generalization which has been independently 
At Austin GAs e case of gradients of stimulus generalization, let 
at such a gradient of response generalization exists. 


en we ma 
Y see how these two generalization gradients will aid 


provided by a study 
ired associates. Each 
-syllable adjective. A 
-B (response B to stimulus 4) 
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us in understanding the results of experiments in which similarity 
has been varied. 

Stimulus generalization and transfer. S learns two lists of 
Paired associates in which the responses are identical. We shall 
symbolize these identical responses by B. The stimuli of the two 
lists are completely different, so we shall call them A and C. Our 
first list of items would be A-B, the second C-B. Now, in a series 
of experimental conditions, the stimuli of the second list are made 


Strength of Response Tendency 


A Al A2 A3 c 


Fic. 46. Gradient of stimulus generalization as it is assumed to exist following 
the learning of the first list, A-B. on to C represent stimuli of decreasing similari 
to A. The ordinate represents the strength of response tendency of these stim 
to elicit B in learning the second list. 


more and more similar to the stimuli in the first list. Thus, 
might have four conditions in which A-B is always learned as the 
first list, then C-B as the second list in one condition, A3-B the 
second list in another, A2-B in another, and Az-B in the fourth. 
All stimuli in the second list would be changed in the same fashion. 
What would we predict concerning the transfer effect in learning 
the second list under the various conditions? To help us make 
this prediction let us visualize a gradient of stimulus generalization 
as in Fig. 46. Since A is the stimulus in the first list, our other 
stimuli must fall at differing distances from it along the similarity 


dimension. x inna 
Note that in the verbal situation we deal with only one wing 
radient so that it is concave 


of the gradient. We have drawn this g 
in shape instead of a straight-line as in Chapter VIII: The data we 
will consider later suggest that this is the most probable shape 


we 
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for verbal materials. The gradient implies that not only has A 
gained power to elicit B; but that Az, 42, and 43 have ee 
gained some response strength toward eliciting B as a resul to 
stimulus generalization from A. Stimulus C, being outside the 
gradient, has gained no tendency to elicit B as a consequence of 
‘the learning of A-B. These are the situations as they exist at the 
end of learning the A-B list, before S starts to learn any one of the 
second lists. , f 

With the gradient of stimulus generalization well in mind, me 
prediction concerning the relative speed of learning the secon 
list in the four conditions become obvious. When the second list 
is C-B, no positive transfer should occur as a consequence of 
stimulus generalization, although some positive transfer may 
occur as a consequence of other factors. In learning 43-B, some 
positive transfer should occur since A3 as a stimulus already 
has a small amount of associative connection with B as a con- 
sequence of learning the first or A-B list. When the second list 
is A2-B, learning should take place at a still faster rate, and 
Ar-B should be learned most rapidly of all. In summary of our 
considerations, we may state the general principle as follows: 
When old responses are learned to new Stimuli, the more similar the stimuli 
the greater the positive transfer, We should never get negative transfer 
in such a situation, although with well-practiced Ss we might get 
very nearly zero transfer when we learn C-B following the learning 
of A-B. 
It is upon the above principle that our belief in positive transfer 
from the school situation to real life situations is based. The child 


who can count pictures of ducks will probably do fairly well in 
counting real ducks on the pond. 


Response generalization and transfer. 
response generalization as it relates to transfer 


associate lists, let us consider the situation in 
of the two lists are i 


dissimilarity to hig 


To conceptualize 
in learning paired- 
which the stimuli 
dentical, and the responses vary from complete 
h similarity. The first list will always be A-B, 
and for four conditions of similarity of the first and second list 


responses we have 4-C, A-B3, A-B2, and A-Br from low to high 
similarity respectively, 

_ Figure 47 shows the gradient of response generalization as it 
38 assumed to exis 


t after learning the first or A-B list. The figure 
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shows that the strongest response tendency to A is B, while C 
has no associative strength to A. Now, what will we predict with 
regard to the transfer effect under the four conditions of simi- 
larity? 

When the second list is A-C, the tendency of stimulus 4 to 
elicit response B is very strong, but actually is an erroneous response 
tendency in learning the second list. Consequently, this situation should 
produce negative transfer, since the old response tendency (B to A) 


Strength of Response Tendency 


B Bl B2 B3 c 


à izati it is assumed to exist following 
Fio. 47. Gradient of response generalization as it 1s a in the second list of 


the learning of the first list, A-B. B1 to G represent respo: 
decreasing Similarity to B. The ordinate represents the teog of dÅ Ey 
tendency of stimulus A to elicit these responses in the Be ce SEA 


will interfere with the learning of C to A. The data of many 
experiments strongly support this inference. In fact, we may 
say that this paradigm, learning a new response to an old stimulus, 
is the optimum condition for producing negative transfer. As we go from 
the first list, A-B, to the second list, ‘A-B3, the strongest tendency 
should still be that of calling out response B. As a result of 
response generalization, however, B3 has some associative con- 
nection with stimulus A. Consequently, the negative transfer 
should be less than when the second list is AC. Similarly, as 
the response becomes still more similar to B, i.e., B2 and Br 
the less should be the negative transfer in learning the second 


list. Indeed, other factors which produce positive transfer may 
be strong enough so that we will be unable to measure negative 


transfer when the second list responses are quite similar to the 
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first list responses. Complete positive transfer will occur when the 
second list is A-B—the same as the first list. ? 

It is apparent that negative transfer is produced by interference 
of first list responses with attempts to learn second list ee T 
Therefore, if learning of the second list is to take place at all, 
the responses from the first list must be inhibited in some fashion. 
This inhibition is believed to take place by differential reinforce- 
ment, We mean by this that during the learning of the second a 
the wrong responses from the first list are no longer rewar a 
(symbolically), while the new responses of the second list i 
rewarded if correct. The result should be that the second lis 
responses become stronger than the interfering first list responses. 
Furthermore, although the data are fragmentary on the matter, 
it is possible that there may be an absolute weakening of the first 
list responses as a consequence of their non-reinforcement during 
the learning of the second list. For example, if an association m 
the first list has four units of strength at the end of learning, it 
may be weakened as a result of non-reinforcement during the 
learning of the second list so that its associative strength is reduced 
to two units. 

The fact that negative transfer is produced by the interference 
of old responses with learning of the new suggests that the old 
responses may show themselves during the learning of the second 
list. Several studies show that this is actually what happens, 
although the frequency of these erroneous responses is not great. 
Much of the interference seems to be implicit, i.e., S$ recognizes 
the wrong response tendency but cannot think of the correct 
response. When the errors are explicit, that is, when first list 
responses actually appear during the learning of the second list, 
they are called intrusions. 

Other predictions. The two above situations represent what 
might be called basic transfer paradigms. There are, however, other 
ways in which similarity may be varied between components of 
the two paired-associate tasks, and results of some of these varia- 
tions may be predicted by studying generalization gradients. 

Let us assume that in one condition Ss learn A-B, A-C. As 
discussed above, we know that negative transfer would be ex- 
oe in learning A-C. Now, on successive conditions we keep 

e€ responses (B and C) completely different and decrease the 
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similarity of the stimuli (Ar, A2, 43, and D). The more dissimilar 
the stimuli in the two lists become, the less and less will the A-B 
(first list) connections interfere with the learning of the second 
list. Consequently, when the stimuli of the two lists become com- 
pletely different so that S learns A-B, D-C, we would predict zero 
transfer effects as a result of our given dimension of similarity. 

What predictions would you make if one condition is A-B, 
C-B, and on successive conditions the stimuli remain dissimilar 
while the similarity of the responses is decreased ? 

We have seen how generalization may be used to predict the 
outcome of transfer experiments where similarity is systematically 
varied. Now, let us turn to experimental studies inorder to deter- 
mine ways in which similarity is defined and varied. 


DIMENSIONAL VARIATIONS IN SIMILARITY 


Variation in Formal Identity 
Formal identity in paired n 
syllables are combinations of three 
meaningful word. Usually, these syllables consist of two consonants 
and a vowel, with the vowel in the middle, although syllables 
consisting entirely of consonants have been used. Illustrations of 
nonsense syllables are: JOH; XAN; VAW; KER; QUC. Illus- 
trations of consonant syllables are PHM; FRK; SCM; GNX. In 
learning nonsense syllables S is sometimes instructed to spell the 
response rather than pronounce it since some syllables almost defy 
pronunciation. The words are customarily presented on a memory 
drum in the manner already described. 
To vary the degree of formal identity between the components 
of two nonsense syllable lists, E varies the number of identical 
letters. We may illustrate this with a study by Bruce (44). He 
used many conditions, but four of these will illustrate the method 


onsense syllables. Nonsense 
letters which do not make a 


of varying similarity. 
First List Second List 
Stimuli Identical, Responses Different: DOW-NAZ DO W-SIV 
Stimuli Identical, Responses Highly Similar: DOW-NAZ DOW-NAM 
Stimuli Different, Responses Identical: DOW-NAZ SIV -NAZ 
DOW-NAZ DOR-NAZ 


Stimuli Highly Similar, Responses Identical: l 
You will note that in the highly similar stiuations two letters of 
the responses, or of the stimuli, are identical. There might also be 
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situations in which only one letter is repeated, thus forming an 
intermediate step between dissimilarity and two degrees of identity. 
It is not implied that variation of number of identical components 
produces a uniform change in amount of transfer. 

The transfer produced by Bruce’s conditions was very much 
like that which we would predict from our analysis of generalizd- 
tion gradients. The first situation, learning different responses to 
identical stimuli, produced clear-cut negative transfer., The second 
situation, learning highly similar responses to identical stimuli, 
resulted in negligible transfer. The third situation, in which 
responses were identical and stimuli different, gave slight positive 
transfer, and the fourth situation produced high positive transfer. 
We should again point out that there are other variables which 
influence the amount and direction of transfer. These other factors, 
which we are to consider later, do not appear to influence greatly 
the relative values for transfer as a function of similarity, but may 
change the absolute values considerably. 

Formal identity in serial learning. Paired-associate learning 
may be likened to the learning of a foreign language vocabulary- 
Each foreign word (the stimulus) is to be followed by its English 
translation (the response). Serial learning, on the other hand, 
may be likened to the learning of the alphabet, the number series, 
or successive bus stops. In serial learning the items appear always 
in the same series, A, B, C, D, and so forth. S, to learn the list, 
must learn to anticipate (call out) B when A comes into the aper- 
ture of the memory drum; he must learn to say C when B comes 
into the aperture, and so forth. The list is repeated until S reaches 
a chosen criterion of mastery. It is common in both paired-associate 
and serial learning to allow S a short rest (6 to 10 seconds) between 
each successive presentation of the list. 

The similarity between. serial lists is much less readily analyzed 
than it is between paired-associate lists. Each item in a serial list 
is both a stimulus and.a response (except the last item which is 
only a response, and the first item which is only a stimulus). In 
serial learning there is no distinct stimulus item in the first list 
pic may be compared with a distinct stimulus item in the 
second list, The same is true concerning responses. 
wits ian we can show, in general, that serial lists can’ be 

of amount of formal identity, and that this is 
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related to amount of transfer. An illustration is given in a study 
by Melton and von Lackum (257). Two basic conditions were 
employed, one in which the second ‘list was highly similar to the 
first, and the other in which the second list was quite dissimilar to 
the first. High similarity was achieved by constructing the two 
lists with the same nine consonants. Each list was 10 syllables in 
length, making a total of go letters. This means that on the average 
each letter was repeated 3.33 times in each list. Dissimilarity of 
the two lists was produced by making the second list with nine 
completely different consonants. Illustrations of lists used in the 
two conditions are as follows: 


Second List: Highly Second List: Highly 
First List Similar Condition Dissimilar Condition 

XCM FTM JSN 

KTQ HCR GBD - 

HFX XQT LNJ 

CKM KRM ZPB 

XRF CTF SDG 

QHO QXK LJP 

KXT MHT ZGN 

MQF RKF BSJ 

CTK CMQ, PZL 

RMH TXH NDB 


In the first list only the letters C, F, H, K, M, Q, R, T, and X 
were used in making the 10 syllables; the same letters were used 
in constructing the highly similar list. We might expect that the 
associations formed during the learning of the first list would 
interfere with the formation of new associations in learning the 
second. The results show that this is probably what happened, 
since significant negative transfer was measured in the learning 
of the second list after the first list had been presented for 5 
trials. When the second list was highly dissimilar (having no 
letters in common with the first), no evidence of either positive 
or negative transfer was found. Thus, it appears that formal identity 
of letters between two lists is one way in which amount of transfer 
can be varied. Within limits we would presume that the greater 
the degree of formal identity, the greater would be the negative 
transfer. 

Another source of interference between serial lists should be 
mentioned. It has been noted that a word in the first list is most 


20 
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likely to interfere with a word in the second list when both occur 
at the same serial position. Thus, if PBN occurs at the fourth position 
in the first list it is more likely to interfere with the fourth syllable 
in the second list than with syllables in other serial positions, 
assuming similarity factors are constant. The fact that PBN may 
sometimes be given at the fourth serial position while S is learning 
the second list is indicative of serial position identity as a source 
of interference. It is very difficult, however, to evaluate the extent 
of the influence of such interference. Results in the above study 
in which the learning of dissimilar lists showed neither positive nor 
negative transfer suggest that if serial position identity produces 
negative transfer, it is not great enough in amount to overcome 
factors making for positive transfer. 

Formal identity in motor interference. Some of us have 
gone through school without fully avoiding the hideous sin of 
splitting infinitives so that when it is mandatory to repair these - 
consistently, considerable interference is evident. If we carry our 
cigarettes in one pocket for a considerable period of time and 
then shift them to another, many false moves will be made to the 
stimulus, “want a cigarette.” The interference which occurs in 
the case of the infinitives may be thought of as relatively non- 
motor when compared with the interference which occurs in 
reaching for cigarettes. At this point we wish to consider simple 
motor interference as a function of formal identity of movements. 

Card-sorting is a task commonly used to demonstrate motor 
interference in the laboratory. Ss learn first to sort a deck of 
ordinary playing cards into four boxes labeled respectively; 
hearts, diamonds, clubs, spades. Then E changes the position of 
the boxes and S again sorts the deck. S makes many false moves 
in the first few trials after the change in position of the suit boxes. 
He must learn, for example, that the heart box is now where 
the spade box used to be. We would suspect that the amount 
of negative transfer would be directly related to the number of 
changes in movement required to sort the deck. The expecte 
Variation in amount of transfer is demonstrated nicely in a study 
by Crafts (72). 

Crafts used Flinch cards, on which the numbers occur in bold 
ee Nine numbers were used, and each number appeared eight 

es in the deck of 72 cards. A system of nine boxes, each 4*/s 
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inches square, was constructed in tier fashion. $s task was to sort 
the cards as rapidly as possible into the appropriate boxes, each of 
which was numbered to indicate the cards to be placed in it. The 
response measure was the time required to sort the deck, one 
sorting constituting a trial. 

After brief preliminary practice, all Ss were given 8 trials. 
Four groups of 16 Ss each were matched on the basis of scores 
made on the 8 trials (Design Method II). After the matching, 
every group was given two additional trials under the following 
conditions: 

Group I: Position of no numbers changed. 
Group II: Position of 3 numbers changed. 
Group III: Position of 6 numbers changed. 
Group IV: Position of all g numbers changed. 


Note that as we go from Group I through Group IV there is an 


increase in the number of new responses which S must make to 


the old stimuli (the cards). Group I, in which no numbers were 
changed, served as a control. 


y a 
asas 


Mean Numbor Sec. Per Trial 
~ 
o 


function of formal identity. See text for 


Fic, 48. Transfer in card-sorting a8 4 ne oh (72). 


explanation of groups. 

The results of Crafts’ experiment are shown in nisi ae 
four groups were well matched, 80 that one curve s te a 
performance curve for the first 8 trials for all groups combined. 
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When there was no change (Group I) there is relatively little 
change in the performance curve. When the position of all numbers 
was changed, a great deal of negative transfer occurs. .The per- 
formance of Groups II and III is intermediate between the two 
extremes. These results show that as the number of old habits to 
be broken or inhibited increases, the amount of negative transfer 
increases. 

Actually, the negative transfer spoken of in Crafts’ experiment 
is relative negative transfer. Only Group IV did poorer after the 
change of positions than they had done at the start of the experi- 
ment. All other groups show absolute positive transfer when 
compared with their performances at the start of the experiment. 
That is, all groups except IV showed better performance after 
the change than they did on the first of the preliminary 8 trials. f 

We have considered three illustrations by which formal identity 
of two tasks may be varied experimentally. We have seen that 
formal identity is manipulated by varying the number of dupli- 
cated units in the first and second tasks. This of necessity must 
take place by discrete steps. Subsequent methods of varying simi- 
larity will show variation along a continuous dimension. 


Formal Similarity of Figural Designs 


E may construct designs which vary in amount of formal simi- 
larity to a standard design. Usually these designs are relatively 
meaningless in that they do not immediately suggest a known 
form or object. Such forms have been used systematically to study 
transfer as a function of stimulus similarity in paired-associate 
learning. As our illustration of this method we will use the work 
of Gibson (107) and Hamilton (138). Both Zs used exactly the 
same materials, 

Gibson drew 12 forms to be used as standard stimuli. Then a 
large group of additional forms were made up which resembled the 
standard forms in varying degrees, Preliminary to the main experi- 
ment a group of judges was asked to sort this large group of forms 
into 12 piles, each pile being represented by a standard form. The 
Judges were to put a form in a pile if it resembled the standard 
of that pile more than it resembled one of the other standards. 
Finally, the judges were instructed to rank order the forms within 
a given pile on the basis of degree of similarity to the standard. 
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Tho final set of materials consisted of the 12 standards, with three 
ae _ rs varying degrees of similarity to each standard. An 

ration of one standard form and its three simil i 
n eins ah nd i ee ar forms is 


Standard First Degree Second Degree Third Degree 


Similarity ‘Similarity Similarity 


Fio. 49. Illustrations of designs of varying degrees of similarity with a standard. 


Adapted from Gibson (107). 

In Gibson’s experiment Ss had to associate a nonsense syllable 
with each of the 12 standard stimulus forms of the first list, and 
then learn to associate a different nonsense syllable when learning 
the second list. Thus, while the stimuli between the two lists 
varied as to similarity, the responses were always different (no 
similarity). In Hamilton’s experiment the stimulus items (forms) 
were the same as in Gibson’s, but both lists had the same responses, 
S thus learned to associate the same response with stimuli of varying 
degrees of similarity. 

In conducting the transfer expe’ 
were used as stimuli in the first list, 
the degree of similarity of the second 
standard was varied. Four conditions resulted be 
and Hamilton used one condition in which the 
were used as stimuli in both the first and second lists. 

Let us summarize the four conditions in each experiment: 


riments the 12 standard forms 
and in four other conditions 
task stimulus with the 
cause both Gibson 
standard forms 


GIBSON HAMILTON 
First List Second List First List Second List 
Condition I AB A-G A-B A-B 
Condition II A-B Ar-G A-B Ar-B 
Condition III A-B A2-C A-B A2-B 
Condition IV A-B A3-C A-B A3-É 


The first list, the list with the standard stimulus forms, was 
presented until § correctly anticipated 8 or more of the responses; 
then the second list was presented until S had attained the same 
criterion. A different group of Ss was ‘used for each condition, 
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and within each experiment the groups were matched for learning 
ability. 

TABLE 21 
TRANSFER AS A Function or Format Smatarity or FIGURAL DESIGNS 


Mean Number Trials to Learn 


Condition GIBSON HAMILTON 


First List | Second List | First List | Second List 


I 6.86 7.43 6.73 1:27 
II 7.00 5.43 7.40 2.08 
III 7.07 5.71 7.40 2.35 
IV 7.14 3.93 7.44 3.48 


Data from Gibson (107) and Hamilton (138). 


The results (Table 21) are presented in terms of mean number 
of trials to reach the criterion. For comparative purposes, the 
mean number of trials to reach the criterion on the first list is 
also presented. 

From the results of Gibson’s experiment it can be seen that the 
slowest learning of the second list took place when the stimuli 
were identical and the responses different (4-B, A-C). The fastest 
learning of the second list took place when the two stimuli were 
quite dissimilar (4-B, A3-C). No differences were produced by 
Conditions II and III. Nevertheless, the wide differences at the 
extremes (I and IV) leave no doubt that Gibson’s findings further 
confirm the basic principles we have discussed previously. When 
the responses for two tasks are different, the less the degree of 
oe generalization, the faster is the learning of the second 
task. 

; Hamilton’s results show how similarity of stimuli markedly 
influence learning when the responses are identical in the two lists- 
On Condition I it will be noted that the stimuli of the two lists 
are identical, as are also the responses. Thus, the second list is 
merely a continuation of the first, and, on the average, slightly 
over one trial „Was required to reach the criterion already gained 
on the first list. The amount of positive transfer becomes less 
ae en as the stimuli become less similar. The results of Condi- 
ion I'V of Hamilton’s experiment are very much the same as those 
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of Gibson’s for Condition IV. In line with our previous discussion, 
this would be expected. We have said that transfer due to generali- 
zation would be of small consequence when the stimuli are differ- 
ent and responses the same. This was the situation in Hamilton’s 
Condition IV, whereas in Gibson’s Condition IV neither the stimuli 
nor the responses were the same. Both conditions give about the 
same results. 

In Gibson’s experiment only Condition I gave evidence for 
negative transfer. This is shown by comparing the mean number 
of trials required to learn the first list (6.86) with the mean number 
for learning the second (7.43), 2 comparison which can be made 
if we assume that the two lists are equally difficult. All other 
conditions show positive transfer. Ss in this experiment were not 
well-practiced, and as we shall see later, poorly practiced Ss have 
high positive transfer due to factors not associated with specific 
list similarities. This high positive transfer has probably obscured 
the negative influence of specific list similarities. 


Similarity Relationships of Meaningful Material 


The manipulation of similarity dimensions of the kind we have 


discussed above is relatively straightforward. When we attempt 
to manipulate meaningful material, however, we have a very 
difficult task. It is difficult in the sense that Æ has trouble in explain- 
ing his obtained results as being due to a single stimulus dimension. 
Meaningful verbal material may vary -along several different 
dimensions, and even if we know the dimensions, it is a problem to 
hold all constant except one. ' 

It is possible to isolate dimensions when words are taken singly, 
and this is a necessary first step in experimentation in this area. 
But, even after this is accomplished by one of the methods dis- 
cussed in the chapters on discriminal processes, further difficulties 
arise in putting the words together in a list. Æ must be sure that 
the different lists he has constructed do not vary along a new 
dimension as a result of putting the words together. Any char- 
acteristic of the lists (other than the one E wishes to manipulate) 
which causes the rate of learning to vary complicates the problem 
of discerning specific causal relationships. For example, when 
words are put together in the list, the similarity among the items 
within the list—the intra-list similarity—must be constant, for this 
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dimension markedly influences the rate of learning. We shall 
return to these problems in greater detail in a later chapter. At 
present it is enough for us to know where the source of the diffi- 
culties lies. These problems, while not absent when E manipulates 
similarity of the kinds we haye previously discussed (e.g., formal 
similarity), are minimal in importance since they can be handled 
adequately. 

There are at least three kinds of similarity involved in meaningful 
verbal material. These are the similarity of (1) synonyms, i.e., 
words with similar meanings, such as horrid and ghastly; (2) homo- 
nyms, i.e., words with the same sounds but different meanings—a 
kind of formal similarity as exemplified by the words bear and 
bare; (3) antonyms, i.e., words with Opposite meanings, such as 

"strong and weak. Although the scaling of words has been done 
only for synonymity, it is conceivable that homonymity and 
antonymity could be dimensionalized. 

Haagen (132, 133) has scaled adjectives to derive several degrees 
of synonymity and has shown that the amount of transfer is related 
to this dimension in a fashion that approximates closely the 
theoretical analysis made earlier in the chapter. He has found 
that both stimulus and response generalization are important in 
determining the amount and extent of transfer. 

Cofer and Foley (62) have analyzed possible generalization 
gradients for all three kinds of similarity. They show how it is 
possible for mediating items to produce generalization from a 
word to its synonym, and from the synonym to its homonym. 
That is, the word plant is similar to sõw, but sõw is also a homonym 
of so; séw thus becomes the mediating item between plant and so- 
It is quite conceivable that very complex interactions of generaliza- 
tion gradients may take place in verbal material. The empirical 
Studies of these writers (63, 98) have shown that transfer effects 
are related to antonymity, synonymity, and homonymity, but the 
material has not been dimensionalized. 

We should remember two points with regard to meaningful 
material and similarity: (1) transfer is related to the three kinds 
of similarity, and we will assume the exact relationship to be the 
same as for formal similarity as previously discussed, and (2) experi- 


mentation in this area is difficult because dimensions of the stimulus 
Situation are hard to isolate. _ 
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A Summary Graph 


From the various data which are available, and from theoretical 
expectations based on generalization where data are not available, 
the relationships between amount and direction of transfer and 
similarity may be summarized as in Fig. 50. Figure 50 is based on 
Paired-associate learning, but may be extended to other situations 


% RD-SV 
z 


Transfer Effect 


Maximum. 
DEGREE OF SIMILARITY Similarity 


X Dissimilarity 
(Identity) 


Fic. 50. Relative transfer effects as a function of variation in similarity. 

SI-RV : Stimuli identical, responses varied 

RI-SV ; Responses identical, stimuli varied 

RD-SV : Responses different, stimuli varied 

SD-RV ; Stimuli different, responses varied 

relationships between tasks is 


when an analysis of similarity À; A 
indicates four ways in which 


relatively clear-cut. The graph 


similarity may be varied. One may: 
1. Hold the stimuli identical in the two tasks and vary the 


degree of similarity of the responses (SI-RV). PEN 
2. Hold the responses identical and vary the degree of similarity 


of the stimuli (RI-SV). eo 
3. Hold the responses completely different (dissimilar) and vary 


the similarity of the stimuli (RD-SV). EAN 
4. Hold the stimuli completely different and vary the similarity 


of the responses (SD-RV). 
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Let us take one illustration of how to read the graph. The curve 
labelled RJ-SV indicates that in a series of conditions the responses 
of the two tasks are identical, but the similarity of the stimuli 
is varied from low (dissimilarity) to maximum similarity (identity). 
When the stimuli are dissimilar, no significant transfer effect 
occurs, but as the degree of similarity of the stimuli increases, 
positive transfer increases until at identity, 100 per cent transfer 
takes place. : 

The values along the ordinate are indeterminant for a general 
graph, since the curves are intended to show the transfer effects 
due to similarity only. However, other variables probably will not 
cause the relative relationships of the curves to change. Roughly, 
the graph is intended to depict the situation in which a moderate 
degree of first list learning is used, when Ss are well-practiced, 
and when the similarity among the stimuli and among the responses 
within a list is relatively low. 

With high degrees of learning on the first task, or with poorly 
practiced Ss, very little negative transfer is likely to occur; hence; 
the dotted line indicating zero transfer would be moved to a point 
near the top of the graph. Reasons for these qualifications will 
become evident in later sections of the chapter. 

As the graph is drawn, all situations show relationships with 
similarity except the SD-RV paradigm. This is the case in which 
the stimuli are different and the responses are varied. On the basis 
of evidence available, and on the basis of generalization, we would 
expect that variations in the response will produce no appreciable 
change in transfer effect. The curve has been drawn to indicate 
slight positive transfer but it might well fall on the dotted line 
indicating zero transfer, As nearly as can be determined, holding 


the stimuli different and varying ‘the similarity of the responses 
produces no change in transfer effects, 


NON-DIMENSIONALIZED VARIATION IN SIMILARITY 
In this section we shall t 

which 

In the 


ouch on a variety of transfer phenomena 
are a function of similarity between conditions or tasks. 
: se conditions or tasks, however, the similarity relation- 
ships cannot be or have not been analyzed in the manner of 
the studies reported in the previous section. We shall give at 
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least one experimental illustration of each phenomenon so that 
it will be clearly defined in terms of procedures by which it is 
measured. 


Learning-How-to-Learn Transfer 

A very common observation is that Ss, when learning successive 
samples of the same kind of material, show marked improvement 
in their learning ability. Thus, if S serves in an experiment in 
which he learns list of nonsense syllables, one list a day, it is noted 
that his performance imp:oves from day to day. Descriptively, 
this phenomenon is called Jearning-how-to-learn (233), and is 
exactly the same phenomenon to which we have referred earlier 
as Practice effects. In almost any kind of activity in which some 
adjustment to the situation is required, we will find a practice 


effect. 
The similarity involved in learning-how-to-learn transfer is 


primarily in material which is of the same general nature or of 
the same class, The similarity between one task and another also 
involves the same learning techniques and the same general 
experimental setting. The influence of the similarity dimensions 
such as we have previously discussed is kept to a minimum by 
making the tasks as dissimilar as possible while still being of the 
same class. 

Briefly, let us consider quantitative 


of learning-how-to-learn transfer. War 
learn 16 successive lists of nonsense syllables, one list a day. Each 


list contained 12 syllables, and they were probably of roughly 
in the practice curve may 


equal difficulty, although deviations 

well be accounted for by some differences in difficulty. Values 
estimated from Ward’s graph show that on the average, the first 
list required about 38 presentations to learn to a criterion of one 
perfect recitation; the fifth list in the series required 24 trials; 
the tenth list 18 trials, and the sixteenth list, 16 trials. Clearly, the 
gain is very large from the first list to the sixteenth, with the biggest 
improvement made early in the series, so that the general curve 
is much like the usual inverse negatively accelerated learning 


curve. 
Schieber (333) has investigate 
successive lists of paired associates. 


indications of the extent 
d (399) required Ss to 


d the practice effects in learning 
Each list consisted of 10 pairs 
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of two-syllable adjectives. A different list was learned each day 
for four consecutive days, all Ss being naive in paired-associate 
learning and in laboratory experience of any kind. The lists were 
not known to be of equal difficulty so that by a methad of 
counterbalancing each list appeared an equal number of times on 
each of the four days. Schieber’s results indicate that the practice 
effect in paired-associate learning of adjectives is not large. Her 
results for 24 Ss are shown in Fig. 51 in terms of mean trials to 
learn to a criterion of 8 out of 

14 10 correct responses on each 
day. The only learning-how-to- 
learn transfer of any conse- 


E a quence occurs between the first 
3 and second days and the differ- 
ža ence here is barely significant 
$ statistically. Explanation of this 
= 


lack of learning-how-to-learn 

may lie in Ss’ histories. It is pos- 

3 4 sible that students, having to 

master foreign language vocab- 

Fic. 51. Learning-how-to-learn_ularies, having to learn defini- 

Serra Hate Dates from tins. and having to make 

symbolic translations of many 

kinds in their usual school work are actually quite well practiced 

on paired-associate learning (as compared with serial learning) 
before coming to the laboratory. 

Maze learning shows a large practice effect. In an unpublished 
study by the writer 40 Ss learned two mazes in a single experi- 
mental session., Half the Ss learned Maze A first and the other 
half, Maze B first; hence, differences in speed of learning the 
second maze as compared with the first cannot be attributed to 
differences in the difficulty of the mazes. On the average, 58 
took 20 trials to learn the first maze and only 11 to learn the 
second. There was no specific similarity relationship between 
the two mazes to account for the great improvement from first 


to second maze, so we must attribute the improvement to learning- 
how-to-learn transfer. 


Many other d 
learn is one of 


~ 
= 


Lists 


ata in the literature show that learning how to 
the major sources of positive transfer. Just what 
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processes are involved in learning how to learn is unknown. 
Several factors are believed to be important: (1) S gets adjusted 
to the situation; this implies that he is less distracted by irrelevant 
stimuli; (2) unfruitful modes of attack on the problem may drop 
out when they prove unsuccessful; (3) correct associations in 
and of themselves may be formed more rapidly. These factors 
describe what is believed to take place, but of course they are 
not acceptable explanations as yet. The fact that the experimental 
situation remains constant from day to day, with only the specific 
material changing, suggests that the practice effects represent a 
gross differential reinforcement process wherein irrelevant responses 
to the situation are inhibited, and relevant responses brought to 
the fore. 

Implications of learning-how-to-learn transfer. The im- 


portance of these practice effects is twofold: (1) They represent one 
itive transfer. This fact is reason enough 
ring amount of transfer in 


hen the practice effects for 


of the major causes of pos 
for persistent caution against compa’ 


one situation with that in another w. 
the two situations are not equal. Because of these practice effects 


we have indicated that Fig. 50 will probably not hold unless the 
Ss are well-practiced. Practice effects will counteract conditions 
making for negative transfer and may well obscure any sign 


of it. 
(2) The second important consideration regarding practice 
have considered this 


effects concerns experimental design. Wi 
problem only in regard to an individual’s practice effect and have 


seen how such practice effect may be distributed equally over 
all conditions when the effect is not itself being studied. Of greater 
importance and of greater complexity are the problems involved 
when we counterbalance the practice effect for a group of Ss 
taken as a whole. These will be taken up in detail in the following 


chapter. 


Bi-Lateral Transfer 


This form of transfer is usually p 
moto! 


ositive. Typically, it has 
r skill developed through 


opposite side of the body. The transfer, however, need not be 
lateral; if a skill is developed by the left arm or hand, there will 
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also be positive transfer in acquiring the same skill with the left 
leg or foot. 

A moment's reflection will demonstrate that bi-lateral transfer 
has been evident in your own experiences. The fact that you can 
write with your non-preferred hand, even though barely legibly, 
indicates that the long training with the other hand has had its 
effect. 

One of the traditional laboratory tasks used in studying bi-lateral 
transfer is mirror star-tracing. A printed star is placed on a table 
before an upright mirror. A shield is attached to a rod several 
inches above the star in such a position that when S faces the 
mirror, he cannot see the star directly, but only in the mirror. 
S’s task is to trace around the outline of the star by directing his 
pencil movements from the mirror image of star, hand, and pencil. 
The shield is high enough to allow complete freedom of hand 
movement. 

The outline of the star is customarily drawn with double lines, 
like a narrow pathway. In tracing the outline § must stay in 
the pathway. A complete circuit of the star constitutes one trial 
and the basic response measure is time taken to complete the 
circuit. Errors—number of times § leaves the pathway—may also 


at mirror tracing with one hand transfers to performance with the 
other hand. 


seo : rning of a general prin- 
i nnciple of mirror reversal, and that if one learned 


TRANSFER OF TRAINING 309 


of a habit by one hand would not transfer at all to the other. 
However, this third possibility could be set up as an hypothesis 
along with the other two, so three hypotheses were stated: 

1. In learning mirror star-tracing one learns only the general 
principle of mirror reversal. Hence, transfer from one hand to the 
other should be 100 per cent. 

2. In learning mirror star-tracing one learns not only a general 
principle but also skills specific to the muscle groups of a single 
hand. Bi-lateral transfer will thus take place but it will not be 
100 per cent, 

3- In learning mirror star-tracing one learns a skill specific to 

the muscle groups of a given hand. No bi-lateral transfer will take 
place. 
An experiment was designed to test these hypotheses. Three 
groups were required, one control and two experimental. All Ss 
were given a preliminary practice trial, and the second trial was 
used as a source of data for matching three groups of 14 Ss each. 
The matching was done on the basis of means and variability. One 
group was used for each of the following conditions: 


Trial 2 


(Matching Trial) Trials 3 to 12 Trials 13 to 15 
Group I Preferred Hand No Practice Preferred 
Group II Preferred Hand Non-Preferred Hand Preferred 
Preferred 


Group III Preferred Hand Preferred Hand 

The critical point is the post test, trials 13 to 15. If hypothesis 1 
is substantiated, the difference in performance on the post test 
should be no different for groups II and III and both would give 
higher scores than I. If hypothesis 2 is substantiated, performance 
of Group III should be better than that of Group II, and Group II 
better than Group I. If hypothesis 3 is substantiated, Group II 
should do no better than Group I on the post test trials and Group 
III should do much better than either I or II; hence, no bi-lateral 
transfer. 

Figure 52 shows that hypothesis 2 is substantiated. As a result 
of trials 3 to 12 on the non-preferred hand, Group II learned 
something which aided performance on the test trials; otherwise, 
they would have done no better than Group I on test trials. This 
is evidence for bi-lateral transfer. Clearly, however, Group III 
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learned something which Group II did not, thus suggesting that 
certain skills specific to the hand are acquired in addition to the 
general principle of mirror reversal. 

Extensive analyses of the mirror tracing situation (33, 65) have 
shown that transfer will take place from hands to feet, from fect 
to hands, on the opposite or on the same side of the body. Examina- 


50 
P~ 
45 paa 
i | `s io Practice 


~~ 


& 


~N Practico: Non-Preferred Hand 


sec.) per trial 
eo 
o 


X 


Practice: Preferred Hand 


Mean time ( 


Trials 


Fic. 52. Transfer in mirror star-tracing. Tri i i ial 
+ 52. = . Trial 1 was a practice trial: tri 
2 was used as a source of data for $ Eno, 


r 3 matching the thi cue 
Tracing was with the preferred hand on trial 5 ee 


tion of the situation in which such transfer is measured shows that 
both the stimulus situations and the responses required have high 
Similarity so that positive transfer would be expected. Aside from 


Such gross comparisons, however, the similarity relationships 
remain unanalyzed. 


Related phenomena. A form of bi-lateral transfer appears to 
occur in certain conditioning situations. In one experiment (110) 


3 was conditioned to withdraw his right hand at the sound of a 
uzzer. This was accomplished by giving several trials in which 
the buzzer was followed 


by shock to the hand. Aft se 
was established, E placed S’s L an ter the respon: 


L eft hand on the electrodes and 
sounded the buzzer. On this transfer test 62 per cent of the Ss 
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withdrew their left hands although the left hand had never been 
shocked nor had it ever been placed in position on the electrodes 
before. 

Another related form of- transfer has been demonstrated by 
Wickens (407). Ss were conditioned to withdraw a finger to the 
sound of a buzzer. During training the hand was strapped to a 
board, palm down, with only the finger free. The response was 
thus an extensor response. On test trials the hand was turned over 
so that the palm was up. The buzzer was presented on the test 
trials and transfer was 100 per cent; all Ss responded with a 
flexion response of the finger, although again, this response had never 
been made during training. ; 

In both of these instances, the fact that transfer‘ takes place 
indicates that the response learned to the stimulus is more than 
an association between a buzzer and a discrete muscle group: 
What appears to be more nearly the case is that an association 
is formed between a stimulus and withdrawing, and such a response 
can be readily transferred. The likely mechanism involved is 


response generalization. 


Negative Transfer in Animal Learning 
g usually results in 


The A-B, A-C paradigm in verbal learning A i 
negative transfer. Two illustrations of its use in animal learning 
will demonstrate that the negative effect is not as great as it is in 


human learning. 

Foreleg a An experiment by Kellogg and Walker (192) 
shows that when the A-B, 4-C procedure is used with dogs the 
over-all transfer effects are positive, but the behavior of the animals 
also indicates the operation of negative processes. 

Dogs were first trained to flex the right forepaw at the sound 
of a buzzer, thus avoiding a shock. After the response was well- 


established, the shock was transferred to the left forepaw, but 
the buzzer was retained as the stimulus. Then the dogs had to 
learn to lift the left paw to the sound of the buzzer. The criterion 
of learning was 19 avoidance responses out of 20 buzzer presenta- 
tions. During learning of right foot flexion, the mean number of 
trials for 6 Ss to reach the criterion was 154. When the shock 
was transferred to the left foot, an average of only 71 trials was 
required to reach the criterion. These figures indicate high posi- 


21 
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tive transfer if we assume that, had the left foot been conditioned 
originally, about the same number of trials would have ei 
taken to reach the criterion as were needed in conditioning right 
foot flexion. : . 

From the description given of the animal’s behavior there is 
considerable evidence of negative transfer during the early re 
of acquiring left foot flexion. In many cases the dogs would li 3 
first the right foot and then the left. Throughout the entire cours! 
of left foot-conditioning some of the animals lifted both legs 
simultaneously, a feat they were able to accomplish by supporting 
their body weight on a neck-stock. Thus, while the net effects 
of the training procedures indicate positive transfer, exadence 
of negative processes was apparent in the persisting right foot 
flexion. 

T-maze learning. Several studies have shown that interference 
is present when rats are first trained to take one arm of the T; 
then given training to break the habit and take the other arm. 
For example, Bunch (48) used a water maze shaped like a T. 
Rats will avoid water when possible, so the motivation was that 
of escaping water. By providing a platform at the end of the 
right arm onto which the rats could crawl, E initially taught 
the animals to make a right turn after swimming through the 
maze. The platform opened into a small box in which warm air 
was circulating. Such an escape was not possible at the end of the 
left arm of the maze. Successive trials were given until the rat 
had made 10 consecutive errorless “swims.” In breaking the right 
turning habit and substituting the left turning habit, Æ moved 
the platform to the end of the left arm, thus making escape from 
the water impossible if the rat continued his right turning habit. 
Successive trials were given until the criterion of 10 successive 
errorless trials was made. A control group learned only the left 
turning habit. 

The transfer effects of learning the right turning habit were 
shown by comparing the performance of the experimental and 
control group in learning the left turning habit. The control 
group required a mean of 22.17 trials to learn the left turning 
habit; the experimental group required 24.80. In terms of errors 
(taking the “wrong” arm) the negative transfer effect is show? 
by the fact that the control group averaged 5.30 errors, whereas 


TRANSFER OF TRAINING 313 


the experimental groups averaged 7.87 errors. Negative transfer 
in learning the second habit as a consequence of prior learning of 
an antagonistic habit is clearly present. 


Transfer in an Industrial Task 

eption that all transfer experiments have 
rs, mirrors, and flexion 
of transfer in a some- 


To allay any misconc 
been done with nonsense syllables, buzze 
responses, we should have one illustration 


what more utilitarian setting. 
Woodward (421) was able to find two industrial assembly tasks 


for which the movements were almost identical, although the 
materials being assembled were somewhat different. In terms of 
ous analysis, the situation is comparable to an A-B, A3-B paradigm, 
ap, which the responses are almost identical and the stimulus 
situation only slightly similar. 

Ss were girls, varying in age 
attending vocational high schi 
48 Ss, an experimental group © 
is as follows: 


from 14 to 18 years, and all were 
ool. A control group consisted of 
f 42. The design of the experiment 


Pre-Test on Training on Post Test on 

Assembly 1 Assembly 2 Assembly 1 
Control: 6 assemblies e—a 12 assemblies 
Experimental: 6 assemblies 57 assemblies 12 assemblies 


in that the experimental group 


nstructing Assembly 2. The two 
e pre-test trials so 


The two groups differed only 
was given 57 practice trials in co 
groups were shown to be well matched on th 

that differences which occurred on the post test were a function 
of the 57 training trials on Assembly 2. The transfer was positive. 
The two groups did not differ on the initial post-test trials, but 
by the end of the twelfth post-test trial the experimental group 


was performing significantly better than the control group. 


Summary 

In this section we have considered a group of transfer phe- 
nomena in which certain similarity relationships are present and 
are presumed to account for the obtained transfer. However, 
these studies have shown only that transfer occurs; they have not 
been concerned with variations in similarity dimensions. 
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SECONDARY VARIABLES INFLUENCING AMOUNT 
OF TRANSFER 


We now turn to three variables which may cause the amount 
of transfer to vary. These are secondary in the sense that a certain 
degree of similarity must be present or these variables will have 
little influence. Given this unknown minimum amount of simi- 
larity, however, the influence of these secondary variables may be 
studied. , 

The three variables are: (1) degree of first task learning; 
(2) number of previous tasks; and (3) time between tasks. 


Degree of First Task Learning 


The findings concerning this variable are quite consistent: the 
greater the degree of first list learning the greater the probability 
of obtaining positive transfer and the less the probability of ob- 


taining negative transfer. Such a statement will include the rela- 
tionship for all ways of varying similarity which we have 
considered. 


Experimental illustration. In one study, Ss learned lists of 
paired associate two-sy ectives (394). Each list consisted 
of 10 pairs, and the similarity relationship between the two lists 
was A-B, in the experiment were different 
only in terms of the degree of 1 


Average 
Criteri 7 Number 
Condition ne? Cof Teias: Grinaj Teaming" 
I (control) aad Required Second List 
Il - 


6 out of 10 correct 
II 3 Sate TO correct 4 6 out of 10 correct 
Iv Io oe eo EE 6 out of 10 correct 
of 10 correct 20 arrect 
Plus 5 trials 6 out of 10 c 
The influence of th, A 
ese different degre d 
i es of lea sure 
in terms of rate of learning the s 8 rning was mea 
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of correct responses on the initial learning trials of the second 
list, as well as in terms of number of trials required to reach the 
criterion. Such an analysis is necessary if differences in character 
of transfer as a function of stage of learning the second list are 
to be discovered. 

The performance on the initial stages of learning the second 
list is shown in Fig. 53. The points are the mean correct responses 


w 


Mean Correct Respon: 
N 


20 


0 n 3 
Number of Trials on First List 


Fio. 53. Transfer as a function of degree of learning of first task. The curves 
show the mean e anticipations on the first two anticipation irinli (Trials 
2 and 3) of the second list. Values below the dotted line for each represen 
negative transfer, those above positive transfer (394)- 


of 48 Ss for each degree of first list learning on the first two 
anticipation trials. The first two anticipation trials are actually 
trials 2 and 3, since the first trial is always a study trial, in which S$ 
Observes the list and tries to form associations. The first attempted 


anticipations of the correct responses take place on the second 


trial. 

z Figure 53 shows clearly that with a low degree of first list learn- 
ing, negative transfer is produced on the first two trials. The Ss in 
this experiment were well-practiced in learning paired associates 
so that very little learning-how-to-learn transfer is present to 
obscure negative effects in learning 4-C following learning of 
A-B. With high degrees of learning of the first list no negative 


transfer is evident on the second trial, and by the third trial 


316 EXPERIMENTAL PSYCHOLOGY 


P ; 7 ero 
positive transfer has occurred—a change in one trial from 
iti fer. 

transfer to positive trans! Ne a 

The relative relationships of the transfer conditions hold Paid 
well in terms of trials to reach the criterion on the secon ‘ ri 
In terms of mean trials the values are 6.71, 6.91, 5.57, and — A 

P 3 o 

Conditions I through IV respectively. Note, however, that fr 


: iffer- 
these means we have no evidence of negative transfer. The di 
ence between Conditions I and 


tive transfer but it is far 
learning of the second list 
all experimental condition 
transfer. These data emph: 
of second list learning m 
transfer effects is to be obtained. 


l persistently interfere with the learning 
of the second task. Yet, if we recall our study of conflict we will 
remember that Sreatest conflict occurs when response tendencies 
- With low degrees of first task learning 


for specific i 
f tors which emni i ak 
8 transfer as a A © be importa 


i of degree ine 
I. arning-how-to-learn transfer, Seat task lemig 
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of learning-how-to-learn transfer. This process was probably not 
important in the study reported above since Ss were already well 
practiced. 

2. Transfer of differentiation. From Gibson’s (106) careful analysis 
there is reason to believe that a transfer of differentiation takes 
place in certain situations. Let us explain what we mean by 
differentiation and its transfer. In learning the first list, A-B, the 
stimulus items may have some similarity among themselves. This 
would tend to produce generalization which would inhibit learn- 
ing. By differential reinforcement the generalizing tendencies are 
reduced among these stimuli as learning progresses. Now, if the 
second list is A-C, the learning process will not require this differ- 
entiation process since it has already taken place among the same 
stimuli during learning of the first list. Furthermore, we would 
expect that the greater the number of first list trials the better 
would be the differentiation; hence, the greater would be the 
positive transfer in learning the second list. ; 
4 There is some independent evidence that such positive transfer 
is plausible (117, 390). This transfer could be expected only if 
the stimuli were identical or highly similar. It is possible that a 
similar transfer may take place as a result of response differentia- 
tion. If so, it would tend to produce positive transfer in learning 
A-B, C-B. The evidence for transfer of differentiation is such 
that we should accept it only tentatively as a cause of positive 
transfer, 

3- Gross differentiation. Finally, 


entiation may take place at a gros ben ay 
the first list to a high degree, may be able to discriminate clearly 


that these responses are “wrong” when he starts to learn the 
second list. Descriptively, it is as if S is able to dissociate these 
first list responses more rapidly and go about learning the correct 
responses—the second list responses. Such a process would not 
make for positive transfer; it would tend only to reduce the amount 
of negative transfer and would be directly related to the degree of 


first list learning. 


there is a possibility that differ- 
s level. S, after having learned 


Number of Previous Tasks 


In all our illustrations thus far w 
of one task only on the learning of 


e have considered the influence 
a second task. Now we inquire 
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into the relationships of direction and amount of transfer as a 
function of two or more tasks. 

Experimental illustration. In one experiment (390) Ss were 
presented 0, 2, 4, or 6 lists followed by another list which was 
presented until Ss correctly anticipated 6 or more responses out 
of the possible 10. Each variation in the number of lists called 
for a separate experimental condition. All were paired-associate 
lists of adjectives, and for a given condition, all lists had the same 
stimuli but different responses. Thus, in the condition in which 
6 lists were learned before the final common list, S might have 
actually attached seven responses to the same stimulus. 

The lists were presented for four trials each, with S instructed 
to get as many correct responses as possible on each trial. An 
interval of 45 seconds intervened between each list. Two sets of 
data may be obtained from this experiment: (1) the transfer 
effects in going from the first through the sixth list (these lists 
appeared equally often at each position, so differences in the 
difficulty of the lists would be equalized for each stage); (2) the 
effect of learning o, 2, 4, and 6 lists, for 4 trials each, on the learning 
of the final common list to a criterion of 6 out of ro correct 
responses. We will consider these results in order. 

In calculating the results of the performance on the six lists, We 
may actually consider the influence of each list on the successive 
lists by presenting them (in order) along the base line of a graph 
and by placing the mean correct responses obtained on each of the 
three anticipation trials along the ordinate. These results are shown 
in Fig. 54. a 

Figure 54 shows that negative transfer was produced in the 
learning of all lists except, of course, the first. It is further evident 
that as learning proceeds from trial two through trial four, the 
hayes i number of previous lists the more rapid is the dissipa- 

negative transfer. That is, by the fourth trial the 


performance on lists 4, 5, and 6 indicate positive transfer whereas 
. this is not true with lists 2 and 3. 


eer 54 indicates that by the fourth trial positive transfer 


eo, ie if three or more lists have been previously 
eae ad i aiey is very clear-cut when we consider the 
sain tial s to learn the seventh list to a criterion of 6 

correct responses. With no previous lists (control), the 
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common list was learned to the criterion in an avera 

; l i ge of 6. 
trials; with 2 previous lists, 6.08 trials were required; Sita 
previous lists, 5.67 trials, and with 6 previous lists, only 5.38. Had 
the learning of the common list been carried to a higher level of 


N 


4 5 6 


Mean Number Correct Responses 
w 


Fio. Si Tranfer in learning six successive lists of paired-associates, where 

d the same stimuli but different responses. +30 dotted lines indicate 
zero transfer effects and ‘all points below these lines are indicative of negative 
transfer, Each list was presented for four trials. V is 72 for the first two lists; 
48 for lists 3 and 4, and 24 for lists 5 and 6 (390). 


differences among the conditions 
On the basis of the data available, 
ral principle that as the number of 
the greater is the amount of 


mastery it is very likely that 
would have been still greater. 
we are able to state the gene 
prior or previous lists increases, 
Positive transfer which eventually occurs. 


Time Between Tasks 


This variable concerns the rel 
character of transfer and the time interv! 
tasks. In considering this variable we must evaluate two separate 
aspects of transfer. First, we have transfer of the learning-how-to- 
learn type. This phenomenon is largely dependent only on the 
learning of successive samples of the same class of materials, 


tionship between amount and 
ening between the two 
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Secondly, we must evaluate the effects of the time interval oe 
first and second tasks in situations where the direction and ex 
of transfer is due to specific similarity dimensions. , , 

Time and learning-how-to-learn. Facts concerning learning- 
how-to-learn transfer and the interval between tasks are quite 
consistent for human Ss. Several experiments by Bunch and his 
students have shown that practice effects are independent of the 
time between tasks, i.e., the practice effects remain constant 
irrespective of interval length. Briefly, let us illustrate this con- 
clusion. 

In two separate experiments (50) different groups of Ss learned 
paired nonsense syllables and then learned a second list of un- 
related syllables after intervals up to 28 days. A control group 
learned only the second list. Compared with the control group, 
the experimental groups learned the second list in about 40 per 
cent fewer trials. This was true of the group that learned the 
second list immediately after the first and of the group that learned 
the second list 28 days after the first. , 

Bunch’s work with rats (e.g. 49), has suggested that as the time 
interval between mastery of the two mazes increases, the amount 
of positive transfer first increases and then slowly decreases, but it 
is still as great after 120 days as after 1 day. 


How do we account for the fact th: 


at there is no loss in learning- 
how- 


to-learn transfer with the passage of time? This is a difficult 
question. We have already indicated that the processes which 
produce practice effects are obscure; we describe it simply by 
saying S learns how to learn. Bunch’s results show that unlike 
the content which § learns, the techniques by which he learns 
the content are not forgotten. We believe that most forgetting 4 
caused by interference from other activities. If we assume that 
learning-how-to-learn represents a normal learning process, We 
must conclude tentatively that techniques of learning a given task 


are not susceptible to associative interference from other tech- 
niques or activities, 


Similarity and the time 
adequately designed ex: 
this relationship. That 
which produces negativ 
mediately after the first, 


interval. There are no data from 
periments which give us information pn 
is, given a situation in human learning 
e transfer when the second task comes im- 
» we do not know how the transfer changes 
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as a function of the time interval between the two tasks. Further- 
more, the situation is too complex to attempt a prediction. 


SUMMARY 


1. Transfer of training defines the area of study in which Æ 
determines the influence of one activity on subsequent performance 
of another task. 


a. If the influence of one activity is that of facilitating 


on another, the transfer effect is called positive. 
b. If the influence of one activity inhibits or retards performance on 


another, the effect is called negative. 


2. We have continually emphasized th 
positive transfer and those producing negative transfer interact 
and that our measurement at a single point in performance on 
the second task represents the net effect of the two processes. 
Analytical experiments will examine transfer effects at various 
Stages of learning the second task. 

3. Similarity is the one major variable determining transfer 
effects. We have used the paired-associate learning technique as 
an analytical tool for predicting the influence of different sumi- 
larity relationships between the two tasks. It was our hypothesis 
that similarity determines transfer because of its effect on general- 
ization. It is through the study of similarity that we are able to 
discern why an organism makes the responses it does when placed 
in a problem situation. 3 

4. Dimensions of similarity which have been shown to influence 
transfer were illustrated. These dimensions are: 


performance 


at processes producing 


a. Formal identity . 
b. Formal similarity of figural designs 
c. Meaningful similarity 


A graph for predicting transfer effects in 
learning summarizes this section. ; 
milarity which has not been 


5- Transfer effects based on si 
dimensionalized were illustrated. Thi 


paired-associate type 


ese include: 


a. Learning-how-to-learn transfer i 

b. Bilateral transfer and related phenomena 
c. Negative transfer in animal learning 

d. Transfer in an industrial situation 
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6. Secondary variables influencing amount of transfer are: 


a. Degree of first task learning 
b. Number of previous tasks 
c. Time between tasks 


7. Methodological implications of transfer of training will be 
included in the next chapter on experimental design. 


xfs 


CHAPTER X 
Design Methods III and IV 


ess kam Se 


INTRODUCTION 


In the previous chapter 
experimental design associate 
ing. Because of the special imp 
was felt that a single chapter sh 
pared with Design Methods 
considerably more intricate. Much of the experimentation to be 
reported in later chapters has been done 
and IV so it will be well to get a good un 
this point in order that the subject matter se 
to be disrupted too greatly. 

In discussing Design Methods I and II in Chapter V, we in- 
dicated that both methods involve the use of a different group of 
Ss for each condition of the experiment. Design Methods III and 
IV use a single group of Ss forall conditions; each S in the group serves 


in all conditions. 


quence will not have 


DESIGN METHOD M. COUNTERBALANCING OF 
CONDITIONS 


r we have seen 
ass of mater: 


In the previous chapte that when S learns suc- 
cessive samples of the same cl jal, there is a practice 
effect—S learns how to learn. In Design Method Ii, S serves in 
all conditions. This means that if we have a two-condition experi- 
ment, the second condition will be influenced by a practice 
effect, whereas the first will not. Since a good estimate of the 
relative influence of two stimulus conditions cannot be obtained 


when one is influenced by practice effect and the other is not, 
323 
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we need some way to equalize the practice effects for both con- 
ditions. This may be handled by the counterbalancing of condi- 
tions. . 

Equalizing of practice effects by counterbalancing. In 
Chapter II we pointed out how practice effects could be equalized 
for a given S in all conditions by the use of the abba order of con- 
ditions. Now suppose we are doing an experiment in which $ 
learns a list of words on each of two conditions, A and B. We 
might suggest that to balance Practice effects we could present the 
conditions in the ABBA order; that is, we could use four lists and 
require each S to serve in each condition twice. 

If the curve of learning-how-to-learn were linear, i.e., if each 
successive list resulted in an equal practice effect, ABBA would 
be satisfactory. However, the curve is not linear. When we use 
the abba order in psychophysical experiments, the curve need not 
be linear for we can break the blocks of trials into many abba 
orders so that non-linearity of the curve will not appreciably 
influence one condition more than the other. In the case of lists of 
words, however, we could not shift from one list to the other 
after each trial; instead we would have to finish each condition 
by learning the entire list. If the practice curve is like Fig. 5% 
Chapter IX, and we applied ABBA, the As and Bs would certainly 
not be equal with respect to practice effects; A would be influenced 
more by practice than would B. 

One way of handling this problem is to put half the Ss through 
the ABBA order and the other half through the BAAB order- 
If the two groups produced about the same practice curve, the 
As and Bs would be equally influenced by practice effects. It is 
possible, of course, that the two sub-groups might not show the 
same practice curve, though such a happening is not too likely; 
and the error resulting from it would not be great. 

Another method of handling the problem is to practice the $$ 
well before starting the experimental conditions. Once the practice 
curve becomes nearly horizontal, it is almost linear and we can 
safely use the ABBA order, 

In experimental work neither of the above methods has been 
used frequently, Instead, a method which balances practice effects 
among Ss rather than for each § has been employed. It is this 
method which we are calling Design Method Il. 
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Te n use of Design Method III, and two conditions, half 
A na e condition A followed by B, and half take B followed 
ae . In such a procedure each condition occurs equally often at 
wil stage of practice; hence the influence of the practice effects 
will be the same for both conditions. 

A AO among Ss, each condition not only occurs 
oia y often at each stage of practice, but also, precedes and 
= ws all other conditions an equal number of times. If we have 
me ee Mp atin A and B, there are only two possible ways in 
; ich the two can be arranged in order: A to B, and B to A. Thus, 
n counterbalancing an experiment with these two ¢ 
plan would appear as follows: 


onditions our 


rst Session ond Session 
Subject No. 1 A B 
Subject No. 2 B A 


Since we would not normally use just 2 Ss in an experiment, we 
would continue this plan for successive Ss, so that one half of our 


group would take the A to B order, and the other half the B to A 
order. We would assume that the responses at the second session 


ae be more greatly influenced by practice effect than would 
the responses at the first session. However, since both conditions 


would have occurred equally often on the second session, no 
he two conditions would be 


differential bias in the responses for t 

Present. Note that counterbalancing does not eliminate practice 
effects; counterbalancing only distributes these practice effects 
equally over all conditions when the effects are considered for 
all Ss combined. 

The above procedure rests 
Practice effects for both groups are 
safest procedure is to give at least two practic 
the differences in magnitude of the practice effects between the 
two groups before giving the experimental conditions. If we give 


Several days’ practice before the experimental conditions so that 
is fairly level, the two groups 


the practice curve for both groups 

might be quite different in ability, and still the procedure would 
be sound, The reason for this will appear shortly. Actually, when 
we use several conditions, so many different orders are used that it 
would be relatively meaningless to speak of different practice 


on one assumption ; namely, that the 
roughly the same. Probably the 
e days to check on 
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curves; hence, a bias as a result of different curves is extremely 
unlikely. Since practice days are usually given before the experi- 
mental sessions, we shall probably produce an experiment in which 
the practice effects which are present are equally distributed over 
all conditions. 

In the statistical handling of the data, the performance of a 
given S on one condition is compared directly with his performance 
on the other. The precision of the method is gained from the 
fairly sound assumption, that the best match for a given S is that 
S himself. We shall point out later, however, that there are certain 
situations in which it is not advisable to use the method. One 
of these must be mentioned at this point. If E has reason to believe 
that the effect of going from A to B is quite different from the 
effect of going from B to A, the method should not be used since 
it would give a distorted picture of the influence of the experimental 
conditions as such. 

A three-condition experiment. Now, let us assume we are 
going to run an experiment in which there are three experimental 
conditions, A, B, and C. To follow the rules of counterbalancing, 
we must see that each condition occurs equally often at each stage 
of practice, and that it precedes and follows all other conditions 
an equal number of times. For three conditions, the number of 
possible orders of conditions is six: 


Session r Session 2 Session 3 
SNo. 1 B C 
S No. 2 A C B 
S No. 3 B A c 
SNo. 4 B C A 
SNo. 5 C A B 
S No. 6 C B A 
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Ss are required to have complete counterbalancing if we have 
four conditions? If you write all the possible combinations, you 
will find that 24 Ss are required for a four-condition experiment. 
With five conditions 120 Ss would be required—r120 Ss with five 
conditions each, Seldom does E run such an extensive number of 
Ss in so many conditions. Consequently, no more than four condi- 
tions are customarily used in counterbalanced designs. With five 
or more conditions, Design Method IV is used. This method will 
be explained shortly. 


Three Variations of Counterbalanced Design 

In practice there are three general kinds of experiment which 
may employ counterbalancing: (1) experiments in which E varies 
the nature of the material; (2) experiments in which E varies con- 
ditions under which material is presented, and (3) those in which 
E studies practice effects. Each of the three kinds of experiments 
involves somewhat different procedures in setting up the design 
and in collating the data. 

Variation in material. In these experiments E varies the nature 
of the material to be learned. This might mean variation in simi- 
larity, in meaningfulness, in difficulty, and so forth. Let us say we 
are going to perform an experiment on transfer of training as a 
function of similarity between two lists of nonsense syllables. We 
know the lists we are using vary in only one aspect—degree of 
similarity. Since each S is going to serve in all three conditions, 
we need three sets of two lists each. Set A has high similarity 
between the two lists; Set B, medium similarity; Set C, low simi- 
larity. Our design would be exactly the same as the three-condition 


experiment outlined above. ; 
use only 6 Ss, and a single measure 


For simplicity, let us say we ; 
of transfer; namely, trials to learn the second list. For each S for 


each condition we obtain the following raw scores: 


Session 1 Session 2 Session 3 

Cond. Score Cond. Score Cond. Score 
No. 1 A—10 B— 1i C— 8 
No. 2 A— 14 G— 12 B— 13 
No. 3 B—16 A—10 C— 
No. 4 B— 15 C— iIi rE 
No. 5 c—11 A— 10 B—12 
No. 6 C—7 pV A 
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Now let us collect the scores for the three conditions: 


A B Cc 
No. 1 10 11 8 
No. 2 14 13 12 
No. 3 10 16 7 
No. 4 8 15 Ir 
No. 5 10 12 II 
No. 6 4 9 7 


From these distributions of raw scores we can determine directly 
whether or not the conditions produced significant mean differ- 
ences in speed of learning. A can be compared with B and C, and 
B can be compared with C. 

Variation4n conditions. By this we mean that Æ varies certain 
environmental conditions, such as time factors, distribution of 
practice, amount of a given drug, and so forth. For our purposes, 
let us again consider a transfer experiment in which we vary the 
time between the presentations of the two lists. We use as our 
three intervals, 0, 30, and 60 minutes. We make up three sets of 
lists, each set containing two lists, They are so constructed that 
we believe they are roughly equivalent in difficulty. We arbi- 
trarily assign two lists to be used as Set I on the first session— 
another two for Set II on the second session, and the final two to 


be used as Set III. Our Design for the three conditions now appear 
as follows: 


Session r Session 2 Session 3 

Set I Set II Set III 

SNo. 1 o min. 30 min. 60 min. 
SNo. 2 o min. 60 min. 30 min. 
SNo. 3 30 min. o min. 60 min. 
S No. 4 30 min. 60 min. o min. 
SNo. 5 6o min. o min, 30 min. 
S No. 6 60 min. 30 min, o min. 


Again we have each condition occurring equally often at each 
stage of practice so there should be no bias as a consequence of 
differential practice effects. We would bring our data together 
for the o-minute condition, for the 30-minute condition, and for 
the 60-minute condition in a manner comparable to that used 
when varying similarity. z 

We have used Set-I lists on the first day for all Ss, Set II on the 
second day, and Set III on the third. These lists which we 
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constructed were only roughly equivalent—we cannot overlook the 
possibility that they may actually be significantly different in 
difficulty. At this point many students will object; they will insist 
that the lists have to be equal in difficulty if the same set is always 
being used on the same day. But, note, each condition occurs 
equally often with each set of words (or vice-versa) so that if 
the lists do differ in difficulty the effects of this variation will be 
distributed equally over all conditions; the difficulty variation will 
not, therefore, bias any given condition. In short, equalizing the 
effects of differences in difficulty by counterbalancing is precisely 
the same as equalizing practice effects. We shall point out later 
certain desirable features of fairly equal lists, but from the stand- 
point of sheer design the lists do not have to be known to be of 
equal difficulty. 

Studying practice effects. Occasionally, there is an experiment 
in which E desires to study practice effects or, learning-how-to- 
learn transfer. If this is to be studied adequately, our design will 
be somewhat different from either of the above two. Again, we 
will consider three conditions, but this time our three conditions 
are stages of practice, Stage 1, Stage 2, and Stage 3. Arbitrarily we 
choose three lists of words, which we believe to be fairly equal 
in difficulty. Again, the lists do not have to be of equal difficulty. 
Now, what are we going to counterbalance? Our experimental 
variable is the stage of practice} obviously we can’t counter- 
balance it; we can’t give S the third stage of practice before he has 
had the first two stages. There is only one thing to counterbalance 
—the material, which, in this case, js the lists. Our design would 


appear as follows: 


‘ession I Session 2 Session 3 

an i Stage II Stage I 
SNo. 1 List 1 List 2 List 3 
SNo. 2 List 1 List 3 List 2 
S No. 3 List 2 List 1 ai 3 
S No. 4 List 2 List 3 tas x 
S No. 5 List 3 List 1 nie 2 
S No. 6 List 3 List 2 rI 


ur lists are of equal difficulty, the 
occurring equally often at 
differences in rate of 


Since we do not know that 0 
counterbalancing results in each list 
each stage of practice. Consequently, 
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learning from Stage 1 to Stage 2 to Stage 3 must be a function of 
learning how to learn, not a function of the lists. If we had three 
lists known to be of equal difficulty, no counterbalancing of any kind 
would be necessary. 

The collection of data in this experiment would be different 
from that in either of the two preceding types. Here we are studying 
rate of learning at a given stage of practice; hence, we would 
compare the scores obtained on Session 1 with those on Session 2, 
and those on Session 2 with those on Session 3. 

In summary of these three types of experiments using counter- 
balancing, we may say that if we are manipulating type of material, 
the material is counterbalanced; if we are varying an environ- 
mental condition, the material is held constant from day to day 
and our counterbalancing pertains to the environmental condition. 
Finally, if we are studying practice effects, we counterbalance the 
material. Our illustrations have used three conditions, but all 


considerations apply in exactly the same manner for two or four 
conditions, 


DESIGN METHOD IV: SYSTEMATIC RANDOMIZATION 
OF CONDITIONS 


We have said that if we have five or more éonditions, complete 
counterbalancing requires more Ss than E may be able to run 17 
a single experiment. Systematic randomization, so-called, has been 
devised for experiments in which five or more conditions are 
desired, and in which all Ss are to serve in all conditions. 

The method. In point of fact, the label, systematic randomiza- 

tion, is something of a contradiction in terms because we cannot 
have randomization if there is a system. The method has three 
characteristics: 

1. Each condition occurs equally often at each stage of practice. 

2. Each condition precedes and follows all other conditions 
an equal (or approximately equal) number of times. 

3. All possible orders of conditions are not used. 

System is involved in that we make sure each condition occurs 
equally often at each stage of practice, and that each condition 
precedes and follows each other about an equal number of times. 
Other than meeting these requirements, the order of conditions 
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is random, although in actual practice there is less random order 
involved than might appear at first. f 

The method does not necessarily suffer because all possible 
orders of conditions are not used, nor because each condition 
does not precede and follow each other an equal number of times. 
Like counterbalancing, systematic randomization should not be 
used if there is reason to believe that one condition transfers to 
a second condition more than the second does to the first. Differen- 
tial transfer effects would result in biased estimates of the influence 
of conditions; since we do not use’ systematic randomization if 
there is differential transfer, we have no cause for concern over 
the fact that all orders of conditions are not used. We may, of 
course, analyze the results of an experiment to determine if there 
have been differential transfer effects. 

The number ‘of Ss needed to fill out the plot of systematically 


_ randomized conditions is a multiple of the number of conditions. 
If we have five conditions, we use 5, 10, 15, and so forth, Ss and 
with six conditions, 6, 12, 18, 24, and so forth, Ss, As an illustration, 
let us show how systematic randomization would be set up for six 
conditions (A, B, C, D, E, F) and six Ss, again recognizing that 
we would seldom use only one S for each condition sequence. 


Session ı Session 2 Session g Session 4 Session 5 Session 6 
SNo. 1 A B F C E D 
S No. 2 D E C F B A 
S No. 3 C A E B D F 
S No. 4 F D B E A G 
S No. 5 B C D A F E 
S No. 6 E F A D C B 


In this plot, each condition occurs once on each day, and each 
condition follows each other condition an equal number of times. 

All considerations which we have given to counterbalancing 
designs with respect to types of experiments, collecting scores, 
and so forth, apply to systematic randomization in the same fashion 


as they do to counterbalancing. 
Why wouldn’t we use compl 
In a six-condition experiment i 
we might put six numbers in a ha 
numbers are drawn indicate the order for 
ing would indicate the order for @ secon 


ete randomization of conditions? 
t would seem, for example, that 
t and let the order in which these 
one S. A second draw- 
d S, and so on. Like 
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i thod I, no objection can be sustained against this 
A E ne large ' mamiber of Ss is used, for in the long run yi 
would expect each condition to occur: about equally often n 
each stage of practice, so that each condition would precede 
and follow each other almost an equal number of times. But when 
we use small numbers of Ss, let us say 20 to 50, as we almost 
inevitably will if we have five or more conditions for each S, we 
need not run the risk that chance will not equalize for practice 
effects. Therefore, we make certain that each condition occurs 
equally often at each stage of practice, 


The Use of Practice Days 


In many experiments it is customary to give S from one to 
several practice days before starting him on a sequence of experi- 
mental conditions. The idea behind the use of practice days 1$ 


to get S adjusted to the experimental situation and to eliminate , 


the sharpest portion of the practice curve—the curve of learn- 
ing-how-to-learn. If the experimental conditions are somewhat 
complicated, it often appears desirable to introduce $ to the 
various changes in the experiment on practice days so that he is 
better prepared for the experimental conditions when they occur. 
Such preparation is likely to reduce the variability of his per- 
formance, and reduction of variability results in a more reliable 
estimate of the influence of experimental conditions. We might 
expect a reduction in variability of performance only as long 
as the number of sessions involved is not great enough to set up 
a counteracting factor, such as boredom, which might increase 
the variability. 

There is certainly no specific number 
one can say should be given. 
More practice days are indica 
slight. We would recommen: 
learning than with paired- 


of practice days which 
When practice effects are great 
ted than when practice effects are 
d more practice days with serial 


associate learning, because the learning- 
how-to-learn effects of serial learning are greater (see previous 


chapter). If the experiment is complicated, so that actually carry- 
ing out instructions might be difficult, practice days should be 
used to make sure that § understands what is expected of him. _ 
The statistical value of Practice days, As an exercise in 
experimental design, let us consider what statistical influence 
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practice days have on the scores for the experimental days. For an 
illustration, we will take an hypothetical two-condition counter- 
balanced experiment. The nature of the conditions is unimportant 
for our purpose. Let us assume that for. the material being used 
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Fro. 55. The statistical influence of pra 


the learning-how-to-learn transfer is largely complete by the time 
S has learned two lists. This means that the sharp drop in the 


practice curve has taken place by the en 
and that for lists three and four the curve is nearly horizontal. 


This practice curve is shown in Fig. 55. 
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First, let us evaluate the situation in which we do not use 
practice days in our two-condition experiment. Our two con- 
ditions, A and B, are counterbalanced. This means that half the 
Ss get Condition A with List 1 and Condition B with List 2, and 
the other half get Condition B with List 1 and Condition A with 
List 2. The hypothetical distributions of scores for each condition 
on each list is shown in Fig. 55. The distribution of scores for 
Condition A is represented by the solid line and for Condition B 
by the dotted line. The distributions are so drawn that a difference 
in performance for the two conditions is apparent. Two assump- 
tions are made in drawing these distributions: (1) the variable 
being investigated is uninfluenced by the stage of practice, i.¢., 
the mean difference between Conditions A and B is the same for 
all stages of practice; (2) the range of scores remains constant at 
all stages of practice. (It is probable that the range actually decreases 
as a function of the practice stage. If this is true the validity of the 
following argument is enhanced.) 

Now, let ús see what happens when we list our scores for 
Conditions A and B when no practice days have been given. All 
the scores on Condition A we list together; we do the same with 
Condition B. This means that for each condition we are putting 
scores together from two rather different stages of practice. The 
resulting distribution for each condition would be that distance 
from the poorest score on List 1 to the best score on List 2. These 
score distances are depicted for you in Fig. 55. 

As a second step we do exactly the same for the right half of 
the graph, in which the scores on the experimental conditions 
are depicted after having two practice lists. Again, we determine 
the ranges for Conditions A and B. 

We may next note that the difference in the ranges of the 
conditions are quite different depending upon whether or not 
we have given practice days. The range of scores for a given 
condition is much greater when practice days are not given than 
it is for the same condition when practice days are given. What 
is the significance of this? We know that the standard error of 4 
difference is directly proportional to the range; the ‘greater the 
range the larger is the standard error, the smaller the range the 
smaller is the standard error, providing, of course, JV is constant- 
With a constant mean difference between two conditions, the 


| 
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critical ratio or ¢ value is proportional to the size of the standard 
error of that difference, with the larger the standard error the 
smaller the critical ratio. We thus see that, given a constant mean 
difference, we increase the reliability of this difference if we have 


introduced practice days. 
We have mentioned previously that in manipulating conditions 
ed, the materials used from 


under which a given material is learn 

day to day do not have to be of equal difficulty. But, we have also 
said it is desirable that such material be of near-equal difficulty. 
The reason for this, it should now become clear, is exactly the: 
same as the reason for having practice days. If the material to be 


learned is unequal in difficulty, the range of scores for a given 
condition is increased. As an exercise, you should demonstrate 
this to your own satisfaction in a manner similar to that used in 


demonstrating the influence of practice days. 


The Design Method to Use in Practice 
There are no hard and fast criteria by which to choose a method 


for any particular kind of experiment. In many instances all 


methods would be equally satisfactory. The choice of the method 
Ss available, the amount of 


per of conditions, and so on. 
s III and IV 


are preferred for a great many experiments. There are, however, 
certain instances in which these m 
their use is likely to obscure the tru 
of conditions. Fortunately, we can be fairly definite on our identi- 
fication of these situations where it does not seem advisable to use 
Methods III and IV, but rather, Design Method II, Matched 
Groups. These situations fall into two classes: 

1. Experiments in which there may bea considerable difference 
in transfer effect from one condition to another. Thus Condition 
A might strongly influence B, but B would have little effect on A. 
If this were the case, We would be getting a strongly distorted ac- 
count of the influence of the condition being manipulated. Two 
general classes of experiments fall into this heading: 

a, Experiments in which one or both conditions involve unusual treat- 
ment. Illustrations would be experiments in w! 


hich electric shock was used 
or in which S was severely frustrated. It js very likely that the set or attitude 
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of S in going from a non-shock to a shock condition would be quite different 
from the set or attitude of an § going from a shock to a non-shock condition. 
Unless we are specifically studying the effects of differential sets, we do 
not want it to enter the experimental picture. Most of the experiments 
reported in the chapters on Motivation, Conflict, and Frustration were 
done by Design Method II, Matched Groups, rather than either Methods 
III or IV. Es have rightly believed that counterbalancing or systematic 
randomization would not give a true picture of the influence of the unusual 
treatments applied to their Ss. : 

b. Experiments in which the effect of varying instructions is to be 
determined. For example, we might want to know the influence on 
learning of rehearsal during a rest period. If in one condition we instructed 
Ss to rehearse, and in another condition did not instruct them at all 
concerning what to do during the rest interval, it is probable that counter- 
balancing would reduce the measurable influence of the conditions. 58 
whose rehearsal instruction came on the first day might also rehearse 
during the second condition. If any experiment carries the likelihood that 
instructions intended for only one condition may carry over to another; 
Design Methods III and IV should not be used, 


2. Experiments in which the task involved is such that one 
cannot obtain successive samples of that task, An illustration of 
this would be in the mirror Star-tracing experiment. From the 
data presented it can be seen that learning is quite precipitous, 
and that S reaches a high level of performance after relatively few 
trials. In verbal learning, we could give S a completely different 
list on the next day; in mirror star-tracing, however, we cannot 
give him a star-tracer apparatus and expect his performance tO 
start at a low level again. If we attempted to counterbalance con 
ditions in mirror star-tracing, where each condition involved 
several trials, we would greatly diminish the influence of our con” 
ditions since § teadily gets to a point where his performance 
improve but little with practice. In short, when we have a task 
which is the only one of its class, or when the positive transfer 
to other members of its class is very considerable, counterbalancing 
or systematic randomization should not be used. Different groups 
of Ss have to be used for each condition. 

These criteria are the only clear-cut ones which can be laid 
down in choice of method. One guide to selection is often avail- 
able; if an experiment has been performed using a given techniques 
and if that technique seems sound, adapt it for your experiment. 
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Not only does this increase the probabilities of having a good 
experiment methodologically, but it also tends to integrate the 
procedures and results among different laboratories. 


THE PROBLEM OF SCIENTIFIC GENERALIZATION 


By now we are quite familiar with methods for designing sound 
experiments. We shall, of course, need additional practice in 
mastering the details of these methods as they apply to a given 
subject matter area, but we have the necessary tools to design 
and execute simple experiments and know that our data are sound. 
An experiment allows us to discover a factual relationship between 
stimulus and response variables. Now let us discuss briefly what 
we might say about the broader scope of this relationship, i.e., 
what we can say about this relationship in other situations with 
different Ss. 

Whenever £ performs an experiment he usually does so with 
the idea that his findings will not be true only for his conditions 
and only for his sample of Ss. The problem of scientific generaliza- 
tion is: how widely applicable are the results of the usual experi- 
ment? Many Es, fully cognizant of the dangers of unrestricted 
generalization, may cautiously state: “Under the conditions of 
the present experiment” such -and such was found, and no direct 
attempt is made to assess the generality of the findings. However, 
this dodges a clear responsibility. One cannot expect to set up a 
Specific experiment in order to derive facts for every aspect of 
all possible conditions for all people for every phenomenon. 
Sooner or later some generalization must be attempted. The 
human mind should never rest content with discovery of the 


purely specific. pi 

There are four hierarchical factors which must be evaluated in 
considering the generality of an experimental finding: (1) the 
sample, and its representativeness of a given population; (2) the 
task or material used in the experiment; (3) specific conditions 
from which the facts were derived; (4) dimensional extremities. 

In evaluating each of these factors, We must keep in mind at all 
times that it is assumed that Æ is also conversant with the pertinent 
findings of other Zs and that these findings are considered in relation 


to his own. 
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The sample. Strictly speaking, if E has a random sample of a 
defined population he is justified in generalizing only to that 
population. Most of our experiments have been done on college 
students, and we know that such samples are not representative 
of the population at large. Indeed, the great majority of our 
experiments have been with elementary psychology students, 
and such samples may not even be representative of the college 
population of a school. Furthermore, because of differences in 
curricula and differences in entrance requirements, elementary 
psychology students at different universities do differ. In short, 
we are not on firm ground if we generalize from elementary 
psychology students to the population as a whole unless we have 
independent evidence that our given finding is not related tO 
population differences. It must be understood that psychologists 
have not been unaware of the fact that the behavior of elemen- 
tary psychology students is not representative of the eighth- 
grade pupils in Storm Lake, Iowa, or of the rat colony maintaine 
by Harvard University, or of the employees of Armour 4”! 
Company. The use of elementary psychology students has bee? 
an expedient. , 

It is not cutirely unwarranted, of course, to assume that the 
laws of behavior derived from college students may have some 
generality. After all, college students may be defined as humans 
and many kinds of laws may be presumed to be general among 
humans. Be it noted, too, that it is well worth-while to have 
general principles of the behavior of college students. Sooner OF 
later, we assume our experimentation will be extended so that 
we sample a much larger and heterogeneous population than 
heretofore has been available. In the meantime, our generalizations 
must be made with due caution. h 

The material or task. Task variables are usually important for 
most phenomena. What may hold true in learning a poem may 
not hold true in learning to fly an airplane. Thus, even in general- 
izing to a restricted population for a given phenomenon, E shoul 
first have explored representative types of tasks or materials with 
respect to this phenomenon. This, in most cases, is a`step whic 
can and is taken by most psychologists. 

The specific conditions. Not only may a phenomenon be 
limited to a given kind of material for a given population, but i 
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may also be limited to a very restricted manner in presenting that 
material. For example, one phenomenon (reminiscence) appears 
when nonsense syllables are presented at a 2-second rate on a 
memory drum but not when they are presented at a 4-second rate. 
The continual occurrence of a relationship under several different 
conditions must be necessary before generalization to other con- 
ditions is accepted. 

Dimensional extremities. Almost any scientific generalization 
concerning the influence of a given variable breaks down when 
that variable is manipulated at its extremes. Probably the reason 
for this is that other variables are automatically brought in when 
the main variable is effective in an extreme degree. The activity 
of a rat increases as deprivation time increases, but this obviously 
cannot be carried to its logical extreme; with extreme deprivation 
time the rat weakens. In the previous chapter we have said that 
learning-how-to-learn transfer seems to be uninfluenced by the 
passage of time. If the elementary psychology students on whom 
this principle was derived were tested on the second list when 
they are 80 years of age, we would probably be forced to amend 
the principle. Almost all psychological relationships between 
stimulus dimensions and response dimensions explicitly or im- 
plicitly carry the qualifying phrase, “within limits.” The break- 
down of the relationship at the extremes of the stimulus dimension 
is to be accepted. 

These, then, are the four facto 
sideration is being given to possible generaliz 
tions represent approximations to the truth, $ 
approximations are appraisable by the error of estimate. One 
guide may be kept in mind when we are faced with the problem 
of scientific generalization: the further and further one’s general- 
ization gets beyond the conditions and subjects from which the 
principle was derived, the larger and larger will be the probable 


error in its wider application. 


rs to bear in mind when con- 
ations. All generaliza- 


CHAPTER XI 


Learning I — Conditioning 


LEARNING: INTRODUCTION 


Learning so pervades human activity that any curiosity about the 
nature of man and his behavior leads sooner or later to inquiry about 
how his habits are formed, how his skills are acquired, how his prefer- 
ences and tastes develop, how his knowledge is obtained and put to use. 
Equally important is how he becomes enslaved by prejudice and bigotry 
and other learnings which lead to trouble instead of to a satisfactory 
solution of his problems (Hilgard, 151, p. 1). 


Definitional problems. We infer the characteristics of the 
learning process from observed performance changes. Learning 
is thus a construct: it is not something we observe directly. Whe? 
we set out to specify the characteristics of the performance change 
from which learning can be inferred several considerations should 
be kept in mind: 

1. The performance change must result from practice or repe- 
tition of a specific behavior sequence. This requirement differ- 
entiates performance changes associated with learning from 
performance changes associated with maturation. Changes #7 
performance indicating maturation are attributable to neuro” 
muscular-glandular growth, and not to repetition of a specific 
behavior sequence. 

2. The change must represent an increment in performances 
where increment is demonstrated by response measures agree 
upon by Es. This qualification differentiates learning from fatigue 
since fatigue is defined as a decrement in performance. Nothing 
is implied concerning the moral aspects of performance. “Bad 


habits as well as “good? habits represent increments in 
performance. 


340 


CONDITIONING 341 


3 The stimulus manipulation which we relate to performance 
increment in order to define learning consists of at least two 
repetitions of a given sequence. Learning, being a change in per- 
formance, can be inferred with accuracy only if two or more 
measurements are taken. 

4. In a very strict operational definition we might conceivg of 
two matched groups, one group (experimental) being given one 
or more repetitions of a situation-response sequence, the other 
(control) being given none. If a test of the responses of both groups 

_ discloses better performance by the experimental group, we say 
that learning has taken place. 

5. Keeping the above restrictions in mind, we may say that 
learning is the acquisition of new responses or the enhanced execution of 

old ones. 

Chapter plans. Four chapters w: 
study of learning. We say formally devoted because it is quite 
apparent that the preceding five chapters have often referred 
to the learning process. Even Chapter X, in which we studied 
experimental design methods, would not have been written were 
it not for the inevitable practice effects (learning) which accom- 
pany experimentation and which must be controlled adequately 
in an experimental design. We have seen how motivation is 
inextricably related to learning; we have seen how frustration 


experiments usually involve placing S in a learning situation and 


then making it difficult or impossible for him to learn. Transfer 
of training is a general variable which determines in part the rate 
at which learning will take place. Our study of learning proper 
will thus only focus attention on a highly important area with 
which we are already generally familiar. ie: 

The four chapters on learning are, in order, Conditioning, 
Multiple-Response Learning, Thinking, and Theoretical Problems. 
The expediency of that order is derived from the author’s con- 
viction that one should proceed from the simple to the complex. 
Relatively speaking, this order of the chapters advances in steps 
according to the level of complexity of the situation in which 
learning is studied. Yet there is nothing absolutely simple about 
even the least complex situation—which is conditioning—since as 
we shall see, a conditioned response is an extremely complex bit 
of behavior. 


ill be formally devoted to the 
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Another reason for considering these learning phenomena in 
the order indicated is that principles derived from conditioning 
are often used as explanatory devices for more complex behavior. 
Our use of the concept of generalization in studying conflict and 
transfer of training is an illustration of this procedure. The trans- 
fer of principles from one level of complexity to another has. been 
largely uni-directional, i.e., principles of the conditioned responses 
have been used to explain more complex phenomena, but the 
principles derived at the complex level have seldom been used to 
explain conditioning phenomena. The tendency to apply con 
ditioning principles as explanations of more complex behavior 
emphasizes the analytical nature of scientific procedure. Empirical 
relationships discovered at the simple level make good starting 
points for analyzing complex situations. This procedure does not, 
of course, mean that the laws of the simple case will inevitably 
hold in the complex one, but it does give the scientist a starting 
point both in method and toward the construction of theory. 


CONDITIONING: INTRODUCTION 


Conditioning as an experimental procedure and as 4 min 
behavioral data has become thoroughly established as a part K 
American psychology. In spite of the different points of view 
which prevail as to its particular place in psychology, there can 
be no doubt of the status of conditioning when evaluated by 
the number of psychologists whose research interests center aroun 
it. The most exhaustive work in the field (153) published in 194° 
even though largely concerned with American investigations, lists 
973 references. During the years since that publication, scores ° 
new researches have been published. In our one chapter we sha 
be able to include only the high points of conditioning proc® ui 
and concepts. 

Conditioning is defined by a cluster of techniques. The com” 
ditioned response obtained by a given technique is usually ĉ 
relatively discrete response to a relatively discrete stimulus- 
say relatively because the response, or aspects of it, may be 
measured in several different ways, and we say relatively again 
with regard to the stimulus because in some instances there is? 
a discrete stimulus event but rather, a stimulus complex- By 2" 


e of 
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large, however, in all conditioning we are able to point out a 
— response which occurs to a given stimulus after training, 
ough before training was undertaken no such associative con- 
nection existed. 
The plan of the chapter. The sequence of sections for this 
chapter is as follows: 


. Procedural variations defining conditioning 
Methods of response measurement 

. Variables determining rate of conditioning 
. Variables determining extinction 

. Other phenomena 

. Concluding considerations 


DYAN 


PROCEDURAL VARIATIONS DEFINING CONDITIONING 
bids here any attempt to classify the 
great variety of responses which have been conditioned. The 
student is referred to Hilgard and Marquis (1535 Chapter II) for 
this information. We may mention only that nearly all types of 
animals on the phylogenetic scale from one-celled organisms 
through man have been successfully subjected to conditioning 
procedures. Our attention turns to the two, most-used conditioning 
procedures. Under each of these procedures there are several 


specific techniques. 


The extensive literature for 


Procedure I 
This procedure is exemplified by Pavlov’s (284) work with the 
es all procedures commonly 


dog and includ 
We are already acquainted with the 


d only make fo 


salivary response in the 

known as classical conditioning. 

general procedure, so We nee 
aspects of the procedure: 

Conditioned Stimulus (CS): Any § 

will not evoke the response tO 

it after training. 


h before training 


timulus whic 
d but will evoke 


be conditione 
Unconditioned Stimulus (US): Any stimulus which before training 
will evoke the response tO be conditioned. r 
Unconditioned Response (UR): The response elicited by the US. 
Conditioned Response (CR): The response which is elicited by the 


23 
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CS as a consequence of the training procedure. This CR is the 
performance change from which we infer learning. 


Pavlov discovered early in his researches that in order to develop 
a stable CR most rapidly it was necessary to eliminate all dis- 
tracting stimuli. Consequently, most of his later work was done 
in sound-proofed rooms with all stimuli presented mechanically. 
Most American investigators have followed Pavlov’s lead in this 
matter. Mechanical timing devices, careful adaptation of the 
organism to the experimental situation before training starts, the 
use of sound-proofed rooms, and so forth, have all been common 
in the experiments we shall review. 

Let us diagram the training sequence of Procedure I. The 
dotted lines represent temporal duration of the stimuli, and 
Pavlov’s usual stimuli are used as illustrations, 


GS resists sen etna 
(bell) 
US) eonenna 
(meat powder) ~ 
UR 
(salivation) 


Except when the time interval is a variable of study the CS usually 
precedes and overlaps the US, since this relationship gives more 
rapid learning. The CS is followed by the US in an invariable 
sequence. The US produces the UR, salivation (in the above 
case). The pairing of the two stimuli continues time after time 
until the CS will by itself elicit the salivation. This response, the 
CR, need not be a replica of the UR, but is usually quite similar. 


Determination of whether a CR has been formed is accomplished 
in two ways: 


1. If the response anticipates the US, it is an indication that it is occurring 
to the CS. 

2. E may give test trials at various points in the training when only the 
GS is given. If the response occurs to the CS this is, of course, indicative ° 
conditioning. 

Distinctive features of Procedure I. Analysis of the Pavlovian- 
type procedure indicates that the method has four distinctive 
features, and we may use these features to d 


gale I 
$ istinguish Procedure 
from Procedure II. a 
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1. US produces the response to be conditioned. It will be noted 
that in Pavlov’s procedure the US, meat powder, produced saliva- 
tion, a response which eventually became associated with the CS. 

2. S does not discover the “correct” response—it is “forced” 
upon him by the US. The presentation of CS and US is independent 


of $’s behavior. 

3. S is usually physically restricted wi 
movement allowed. 

4. There is a discrete CS. 

Illustrations of Procedure I. In ad 
there are several other specific techniques W! 
under Procedure I and which have been use 
frequency. 

1. Flexion response in animals. In several instances in the preceding 
chapters we have seen how E has conditioned a dog to lift his 
foot to the sound of a buzzer (CS) and thus avoid a shock (US). 
In some experiments the shock has been administered whether the 
flexion response is made or not; that is, even though the animal 


responds to the CS by lifting its foot. 

2. Finger withdrawal. In conditioning finger withdrawal E may 
or may not allow the response to avoid the shock. nt 

3. Eyelid closure. This has been a favorite response to condition 
in humans, and in view of the fact that we have not previously 
had an illustration of such conditioning, the details of the procedure 
should be indicated. Rather elaborate apparatus has been con- 
structed for conditioning this response in order to assure precise 


stimulus control. 

The S is usually seated in a dark'room with his head held firmly 
in position. E clamps a small tube onto the apparatus holding the 
head in position so that its outlet is very close to the eye. At the 
appropriate time the tube will emit a slight jet of air directed 
at the eyeball, causing 4 reflex wink. The air jet is the US, the 
wink the UR. A slight hammer tap or a shock just under the eye 
has also been used as USs. A weak light or a “click”? may be 
used as CS. . 

Measurement of the response is usually accomplished by photo- 
graphy. A false eyelid’ consisting of a very light but stiff strip 
of paper is pasted on the real lid and reflects a beam of light 
thrown directly in front of the face at right angles. When the 


th but little freedom of 


dition to Pavlov’s work 
hich may be classed 
d with considerable 
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lid blinks, the false lid also moves and the shadow movement is 
recorded photographically. A timing system is so arranged that 
the events occurring between the presentation of the CS and the 
blink following the US are clearly outlined on the permanent 
record for each trial. As conditioning takes place the eyeblink 
will be seen to move ahead of the US, thus indicating that it is 
occurring in response to the CS. The method has also been success- 
fully used with dogs (152). s 

4. The psychogalvanic response. This has been widely used in 
conditioning procedures with human Ss. The US is usually a 
shock, and as we know, the response is measured by a galvano- 
meter as changes in electrical resistance. 

Human voluntary responses are difficult to condition in the 
laboratory. This should be emphasized because it seems likely 
that many of our responses in everyday life are acquired under 
conditions which fit the conditioning paradigm. This is seen 
most clearly in young children as they learn the implications of 
verbal symbols. Parents often say “no” and follow this with a 
mild slap on the child’s hand if he reaches for a breakable object. 
A few such occurrences usually result in the “no” itself eliciting 
withdrawal behavior, whereas in the beginning this stimulus had 
no effect. With adult Ss in the laboratory conditioning is a different 
problem since the voluntary control may inhibit the occurrence 
of the desired response. 

In conditioning voluntary responses, such as finger or hand 
withdrawal, instructions are very important. E attempts, in 4 
sense, to get § to dissociate himself from his hand and let the 
hand govern itself. Ss have sometimes reported that such a feeling 
of dissociation has developed. In some experiments E has require 
S to work simple problems while the finger was being conditioned. 


Here is a sample of instructions given by Wickens in his work OF 
finger conditioning: 


This is a conditioning experiment. During the experiment your hand 
will be strapped to this board, with your middle finger resting ON this 
electrode, and the other electrode fastened to your wrist. You will receive 
a shock which will pass from one electrode to another. You can break 
the shock by lifting your finger from the electrode. During the experiment 
a tone will precede the shock by a regular interval of time. If you get 
conditioned you will develop a terdency to respond to the tone before the 
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shock goes on. I do not want you to fight against becoming conditioned 
and at the same time you are not to respond voluntarily to the tone. If 
your finger wants to fly up just don’t inhibit it (408, p. 223)- 


To emphasize further the importance of instructions to S, let 
us consider an empirical study by Norris and Grant (281). These 
Es worked with eyelid conditioning to determine whether in- 
structions not to blink would retard conditioning. The CS was a 
dim light, the US an air puff. Six conditions were employed but 
only two of these will be described here. 


100 


“Do not attempt to control your natural 


reactions to these stimuli, Simply 
behave naturally and let your M 
take care of themselves” 


reactions 


“y 
a 


Per cent Response 
a 
S 


25 “Be sure you do not wink before 
you feel a putf” 


8 9 10 11 12 13 14 
Five Trials Each 


Fic. 56. The effect of two different instructions on eyelid conditioning. Data 
from Norris and Grant (281). 


2 A 5 67 
‘Successive Blocks of 


Before the initiation of the training trials, the control group 
ntrol voluntarily your natural 


was told: “Do not attempt to Co 
reactions to these stimuli. Simply behave naturally and let your 
reactions take care of themselves” (281, P- 39). Members of the 
experimental group, On the other hand, were instructed: “Be 
sure you do not wink before you feel a puff” (281, P- 39). Ss in 
this latter group would, of course, wink to the puff, but the in- 
structions were designed to inhibit the CR which after a certain 
number of training trials would normally begin to appear before 
the puff was administered. 

Ss in both groups were giv 
_by US), 40 of them being giv 
mean percentage frequency © 


en 70 training trials (CS followed 
en one day and 30 the next. The 
f CRs for each block of 5 trials 
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h group is shown in Fig. 56. The anpiition gins be 
one he seaistaction to inhibit the CR resulted in seh by Ex 
ce a in frequency of CRs. Thus S’s set, as determine mt 
aa and, we presume, by instructions S A 
ore significantly influence conditioning of the eyelid reflex. 


Procedure II 


P r “box. A rat 
Procedure II is exemplified by the rat in the =” ak 
placed in the box must learn to press the lever to s 


ith 
. . ared wit 
Let us note the differences in this procedure as comp 
Procedure I. 


ich is 

1. The pellet of food does not produce the sn = ee 
to be conditioned. The response to the food may be chev 
swallowing, but the response conditioned is lever pressing. 


R t 
et is no 
2. S has to discover the correct response and the pell 
given until this discove 


A it ma’ 
ry is made. The rat may salivate, one 
roll over, or it may do handsprings, but only when it pres: 
lever, can it obtain the food. 
3. Sis not as Physically restricted as in Procedure I. 


: icits the 
4. There is no discrete CS. The stimulus which elicits 
response of lever pressin 


x 

g is better thought of as a stimulus comple 
in which the walls of the box, the lever, the placement ba ulus 
box, the motivation, and so forth, all unite to form the pone 
complex in which the response is emitted. Basically, the a 
of Fig. 3, Chapter I, represents the paradigm of Procedur 
as it is used in the present chapter. SOX 

Illustrations of Procedure II. In addition to the Skinner cy 
several other situations have been used with considerable frequen 
by various investigators, 

1. Problem boxes, 


se 
In the problem box $ is to discover a respo™ 
which opens a door 


. is 
and allows exit to obtain food. pren 
exemplified by Guthrie’s work with cats (131). Cats are pla 
in a small box in whi 


at 
ch there is an upright pole. When the © 
hits the pole a contact is broken ca 

allowing the cat to ri 


an 
using the door to ope? 
each a bit of salmon, 


ut 
maze. A straight alley maze is usually abo 


ther. 
d at one end and food at the ATE 
the increase in speed with w. p 
the starting box to the food box 
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successive trials, or the latency in leaving the starting box on 
successive trials. This technique has been developed largely by 
Graham (115) and his students at Brown University. 

3. T-maze. We are already familiar with this device. The rat 
must learn to take one or the other of the two arms in order to 
obtain food. Typically this is used as a discrimination problem in 
which the correct response is to take the arm in which a light 
is turned on and avoid the dark arm; to take the arm in which 
there is a square stimulus form and avoid the arm with the circular 
stimulus form; to take the left arm and avoid the right, and so 
forth. Frequency of correct responses on successive trials is the 
basic measure. 


These two procedures, I and II, will not include all situations 


in which conditioning has taken place, but they will include the 
majority of them. So far as can be told at present regarding the 
factors which produce differences in the rate of conditioning, no 
great difference exists in responses learned in the two types of 
situations. Consequently, in most of our later discussion of the 
manipulable variables, we will make no distinction between Pro- 
cedure I and Procedure II. The distinction does, however, have 
importance for the theoretical formulation to which we will turn 


in Chapter XIV: 


MEASUREMENT OF CONDITIONED RESPONSES 


Several measures have been used as indices of the degree of 
conditioning attained during a series of trials. We shall name 
them and suggest how some of them are plotted in graphic form 
(Fig. 57). The curves are for illustrative purposes only,. since 
there is no one true learning curve All learning curves are pre- 
sumably a function of the amount and character of the transfer 
of previous experience as well as a function of immediately perti- 
nent conditions. Since many empirical curves are negatively 
accelerated in that each additional trial adds less and Tess to the 
measure of response strength, we have used this form in plotting 


the sample curves. 
Frequency of the CR. This measure is very commonly used. 
Trials are plotted along the abscissa, with frequency of response 
5 y is usually in terms of 


along the ordinate. The frequenc 
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percentages, indicating the proportion of Ss showing CRs for rs 
given trial, as determined by anticipatory responses or by tes 
trials. If a considerable number of trials is given, certain trials 


may be combined, as are trials 1-5, 6-10, 11-15, etc., plotted 
in Fig. 57a. 


100 
100 = 80 
g Co 
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Š 50 040 
È š 
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57a. Mean frequency of response 57b. Mean frequency of response 
per trial. for successive 5-min. periods. 
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5 
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Praeger 
onde osure) and in psychogalvanic con- 
ditioning (amount of resistance change). It was also the measure 
most persistently used by Pavlov in measuring saliva secretion. 
Thus the increase in conditioning was shown by the increase in 
the number of drops of saliva (per unit of time) occurring to the 
CS. Plotting may be done as it is in Fig. 57c. 

Latency of CR. This is another measure which is frequently 
used, in both Procedures I and II. The shorter the latency of the 
response the higher is the degree of conditioning. If a rat is taught 
to run down a straight alley, from a starting box at one end to 
the food box at the other, it is presumed that learning is shown 
by the decrease in latency between the opening of the starting 
box and the exit of the rat from that box. The learning curve in 
such an instance is shown as a decreasing function of successive 
trials (Fig. 57d). 

Trials to reach a criterion. 
presented in tabular fashion. Thus Æ may decide that the arbitrary 


criterion of conditioning which he will use is 23 CRs out of 25 
presentations of the CS. If two groups were treated differently, 
the variation in the speed of conditioning would be measured by 
the difference in the number of trials to reach the criterion. 

These are the usua. methods of reporting the quantitative aspects 
of the conditioning process. * Most Es agree that many responses 
are conditioned during the experiment but are not observed or 
not recorded. A rat may salivate when placed in a Skinner-box 
after having experience with food there, but the measure of 
conditioning is usually the number of times the lever is pressed, 


not the amount of saliva which flows. 
Descriptive protocols (a running account of E’s observations) 
metimes available. Such ob- 


in conditioning experiments are SO 
servations may shed considerable light on the more strictly quanti- 
tative modifications of behavior which are recorded. Pavlov’s 
work is rich in these descriptive protocols. Culler and his associates 
(74) have provided descriptions of the gross behavior moai- 
fications shown by a dog in flexion conditioning. Early in the 
training process the response to the shock is a violent struggle 


._ *Resistance to extinction has sometimes been used as a measure of condition- 
ing. Extinction is discussed in a later section of the chapter. 


Data in these terms are often 
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reaction of the “whole” dog. Gradually, as the response ore 
to antedate the shock, gross bodily movements extinguish a ee 
with the struggling. In the well-established avoidance respo. Es 
the dog lifts his foot from the grid at the presentation of Pr ~ 
and very little involvement of the remainder of the bo at 
apparent. In some excellent movies which have been made o dial 
conditioning process, the final response of the dog suggests ie 
he is, anthropomorphically speaking, utterly bored with = 
whole procedure, for he lazily lifts his paw at the sound of the CS. 


VARIABLES DETERMINING RATE OF CONDITIONING 
Because of the ex 


the rate of conditioning, we shall not be able to treat any of them 


pose will be to give an understanding af 
ulating a variable, and we shall usually d 
tal illustration, Most of the illustrations ý 
be from American studies, although Pavlov may rightfully clama 
credit for the discovery of many of the variables. In cartii 
shall introduce additional phenomena whic 


during work on the variable. Finally, We 


nder one condition, 
60 per cent CRs, while unde 
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different conditions also varied, providing, of course, that the 
different conditions represent variations along one dimension 
only. Conversely, if we show curves for different conditions which 
have a different rate of change, we may conclude that the level 
of conditioning ultimately attained would be different irrespec- 
tive of the number of trials given. It is clearly possible, however, 
that the curves for different conditions might well reach their 
asymptotes in the same number of trials. The distinguishing 
characteristic is that the levels attained are different; hence, rate 
of change to reach the levels is different for the conditions under 
observation, 

To the variables which we shall take up we add, of course, 
Motivation (Chapter VI), and in so far as it can be applied, 
Transfer of Training (Chapter IX). These two general variables 
have already been discussed. 


Time Between CS and US: Procedure I 
This variable is limited to Procedure I situations since we do 
not have a discrete CS in Procedure II. It has been customary to 
give special names to various temporal relations between CS and 
US (284): 
Simultaneous CR: CS precedes and overlaps US; time between 
onset of GS and US may vary from o to 5 seconds. 
Delayed CR: CS precedes and overlaps US; time betwee 


of CS and US is 5 seconds or over. A 
Short Trace CR: CS precedes but does not overlap US; time 


between cessation of GS and onset of US is from .I to 5 


n onset 


seconds. 
Long-Trace CR: CS precedes but 
between cessation of GS and onset o 

Backward GR: US precedes CS and does not overlap it. 

Because so little work has been done on delayed and long- 
trace CRs, we are not going to consider them except to say that 
they are very difficult to form and usually cannot be developed 
until after a simultaneous CR or short trace CR has been established 
first (316, 317, 374). 

Simultaneous CRs. Several studies have shown that the most 
rapid rate of conditioning takes place where the CS precedes the 
US by a short period of time, varying from .2 seconds to 1 second, 


does not overlap US; time 
f US is 5 seconds or over. 
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depending upon the particular response being conditioned. Sian 
taneous onset of US and CS is not a favorable condition for rap 
learning. ro 
The ane employed in studying this variable may be ua 
trated by Kimble’s study (197). Kimble conditioned the ee 
reflex, using six different intervals between CS and US. mE A 
was the brightening of a patch of light directly in front of $; the - 
US was a jet of air against the eyeball. The CS was on for a 
seconds. The inter-onset intervals (interval between onset of 
and onset of US) for the six conditions were .I, .2, .225, -25 a 
and 4 seconds. As can be seen, the CS overlaps the US for eac d 
condition. There were 13 Ss in the three short-interval groups an 
ten Ss in the three long-interval groups. F 
Each $ was given 6o trials—6o pairings of CS and US 
records of CRs were made photographically. As noted aria 
there are two ways by which E may determine when CRs occu d 
(1) by observing the responses which anticipate the US, es 
(2) by the use of test trials on which US is omitted. If the tim‘ 
between CS and US is short, as was true in some of kimba 
conditions, the test trial method is mandatory, since there wo \ 
not be time for the CR to anticipate the US. Therefore, Kimble 
used the test-trial method, introducing a test after every te? 


training trial, so that there were six such trials during 
conditioning, 


the temporal interval has ao 
it is likely that the true CS is nae 
T-minute interval. Because of t™* 
T poral conditioning, the interval between SUC 
cessive trials is varied unless E is studying the temporal interv 
as Cs. Kimble varied the interval from 1 to 2 minutes between 
Civ trials so that little Possibility of temporal condition!” 


The results of Kimble’s experiment in terms of frequency 
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of CRs given on all test trials are shown in Fig. 58. We see that. 
maximum conditioning took place when .4 second intervened 
between CS and US, Other results suggest that at .4 second Kimble 
had almost reached the optimum interval and that longer intervals, 
perhaps .5 second or over, would have shown a decrease in the 
curve. à 


= 
3 a S 


Per cent CRs on All Test Trials 
& 


el «2 225.25 3 4 
Time (Sec.) Between Onset of CS and Onset of US 


Fic. 58. Eyelid conditioning as a function of time between onset of CS and 
US. Data from Kimble (197). 


Short trace CRs. In trace CRs the CS does not overlap the US. 
The procedure may be illustrated by Reynolds’ study (309). The 
CS, a brief click delivered through earphones, was followed by a 
puff of air to elicit the eyelid reflex. Four intervals between cessa- 
tion of CS and onset of US were used: .25, -45> 1-15, and 2.25 
seconds. For each interval a separate group of Ss was given 90 
trials distributed over 4 days. An average of 1.5 minutes inter- 
vened between each trial. Since the intervals were long enough 
to allow anticipation of US by CR, this anticipation was used to 
indicate conditioning. The four learning curves plotted in terms 
of per cent CRs for each block of ten trials are shown in Fig. 59. 
The greatest degree of conditioning took place with an interval 
of .45 seconds between CS and US, and the least conditioning 
with an interval of 2.25 seconds. 

Let us compare the differences in 
Reynolds’ and Kimble’s data (Fig. 58)- 
in terms of total CRs on all test trials wit 
able along the abscissa. From this graph we would 


the methods used to plot 
Kimble’s data are plotted 
h the independent vari- 
infer that 
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‘ mber 
the rate of conditioning was directly- related to ia aae AoA 
of CRs, which in fact it was. On the other hand, e mee 
curves of Reynolds’ experiment are plotted (Fig. see ee 
ences in rate of learning are observable directly. a = variatilé 
level of learning attained as a function of the independen 


last 
may be determined by comparing the frequency of CRs on the 
ten trials (81-90) for the four conditions, 


Per cent Anticipatory CRs 


=== 450 sec, 
——-—1.15 sec, 
———2.25 sec, 


1-10 


11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Successive Blocks of 10 Trials 


. Data 
a function of interval between CS and US. 
Reynolds (309), 


Fic. 59. Short trace CRs as 


One additional matter concerned with eyelid conditioning 
should be briefly discussed. Gr 


lls the beta response, has a aie 

cur only when the intensity e i 
light used as CS is of a certain magnitude, and then only if if 
119, 120). Some of the earlier amines i 
ay have counted these beta responses m the 
not apply to Kimble’s study because ©! 


i i F d a 
low intensity of the CS, or to Reynolds’ study since he use 


click as CS. 
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Backward conditioning. Backward conditioning is developed 
as a result of a training procedure by which the CS follows the US. 
A study (372) published in 1930 gave the first purported evidence 
of backward conditioning. Using a buzzer as a CS and a light 
hammer tap below the eye as US, E studied the eyelid closure. 
Schematically this appears as follows: 


WS! Sanat 
(Hammer Tap) 
S% 
UR Erk ae 
(Wink) 
EE T 
(Buzzer) 


During training the US always precedes the CS; hence, it was 
necessary to give test trials to determine if conditioning had taken 
place. After training, 18 out of 20 Ss in this experiment gave 
evidence for conditioning, i.e., they responded to CS alone. 

Some Es, using various responses and techniques, have been 
unable to find clear-cut evidence for backward conditioning (60, 
296). Other Es have found only slight evidence for backward 
conditioning (e.g., 19, 284, 365, 419, 420). The fact that some 
Es have been unable to find backward conditioning, that others 
have found only slight conditioning, and that a recently discovered 
Phenomenon may account for all backward conditioning as an 
experimental artifact, leads to the conclusion that true backward 
conditioning has not been demonstrated unequivocally. The phenomenon 
which may account for so-called backward conditioning is 
pseudo-conditioning. 

Pseudo-conditioning. A stu 
will demonstrate the procedure which defines pseudo- 
Infants under ten days of age were divided into three groups, and 
treated to the following procedures: 

Group I: Buzzer (CS) followed by 
caused foot withdrawal. Twelve tria 
days, 

Group II: Given 12 shocks a day for three days. The buzzer was 
never sounded. 

Group IIT: Tested for response to buzzer before and after three- 


day period but never shocked. 


dy by Wickens and Wickens (409) 
conditioning. 


shock (US) to foot. The shock 
ls a day were given for three 
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iven tests in 
At the end of the 3-day period, all al lle GA owe Hates 
hich the buzzer alone was sounded. e iharawalje t 
SRG II gave just as many responses (foot w sb had sili 
K ee as did Group I even though the buzzer and s os pale 
fae paired. That the shock is the important element BE on ibe 
is shown by the fact that Group III gave no iy all 
test trials. Had these Es not used Group II they pro shed ta 
have concluded, quite erroneously, that CRs were esta 
L e T alone 
a we see, is the application of Aol ean 
for several trials and then presentation of CS which has wn by the 
paired with US. If this CS elicits the response produce seri 
US, pseudo-conditioning has taken place. Recently, ae Fale 
menon has been found by several investigators for a wi eae 
of responses in animals and men, although there is nee polii 
no general agreement on its interpretation. Some eviden: aii 
to generalization between US and CS as a possible exp 


à ermit & 
(410) but there are not enough data on this matter to p 
definite conclusion. 


Pseudo-conditioning has two important implications: 
1. The 


R roof 
meager evidence which has been interpreted as P 


P udo- 
conditioning is very likely a demonstration of pse 
which appears 


z jt 1S 
we may conclude that evidence for backward conditioning 
unconvincing, 

2. Studies hay, te 
tioning takes p er scale than could be accoun 
for by pseudo-conditioning 


‘conditioning is a functio 
true conditioning, it may 
Conditioning in Carrying out experiments and set apart 
; “conditioning” obtained 
tioning obtained under s 
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Time Between Response and Reinforcement: Procedure II 


In Procedure II, which has no discrete CS, the only obviously 
pertinent tiñe interval is that between execution of the response 
and receipt of reinforcement (reward). With animals, the data 
show that the longer the interval between- response and reward 
the slower is the learning. Perin (286), for exemple, found that 
if 30 seconds intervened between pressing the lever in a Skinner- 
box and receiving the food pellet, no learning took place. Learn- 
ing was markedly retarded if the interval was 10 seconds, and 
learning was most rapid if there was no delay between response 
and reward. 

The principle that the longer the delay between response and 
reward the slower is the learning appeals to common sense. Very 
young children are likely to perform better for immediate rewards 
than for promised rewards in the distant future. Even as adults 
we do not like to contemplate too long an interval between effort 
and reward for the effort. 

There can be no doubt concerning Perin’s experimental results, 
. but some question has been raised concerning their interpretation. 
We have seen how animals may get secondary reinforcement 


from a consistently present stimulus when a primary reward is 
VI). If the animal is fed 


received on successive trials (Chapter 
in a box several times, even though there has been a delay between 
Jearly possible that the food 


a given response and eating, it is c 
box may take on secondary reinforcing properties and obscure 


the true influence of the delay period between response and 
reward. That is, the animal may be immediately reinforced 
(secondarily) by merely entering the box in which it has been fed. 

Perin recognized this possibility, and since he wanted to study 
the influence of primary rather than secondary reward, he modi- 


fied the Skinner-box so that the rat pressed the bar, was delayed, 
and finally ate the food all in the same small compartment. It 
learning failed to take place if the 


was under such conditions that : x 
delay was 30 seconds between pressing the bar and getting the 
arning would take 


reward, Since previous studies had found that lea : 
place if the delay was as long as 20 minutes, Perin’s results suggest 


that these previous studies must have resulted from failure to 


control secondary reward possibilities. 


24 


60 EXPERIMENTAL PSYCHOLOGY 
3 


i : iminated 
Other investigators have doubted that Perin “ye sine” dary 
condary reward; indeed, it seems possible that aries 

= d feature for all rats would be very constant—a d to show 
aeteyed in the same food box. Perkins (287) attempts leaiii 
how secondary reward value of goal boxes may ma Shecrale 
in the delayed-reward situation. In a simple T-maze, sar oad ihe 
were trained to make a right turn at the fins eased paren 
other half, a left turn. The delay boxes—those in whic’ ae wie d 
were held until an appropriate interval had ss pst Sacis iid 
Just in. front of the goal-boxes. For one group of an wie tee 
box was the same from trial to trial; for another group ne 
was interchanged with a second one so that each was aiteenl 
the delay box half the time. The delay boxes had quite pene 
interiors, which afforded the animal distinctly differen aoe 
each. It is assumed that a delay box gains secondary Tem. evel 
value as a result of being associated with the food which F i box 
immediately upon release from the box. If the same de , dag 
is used constantly, it is presumed that it will gain more seco 


j hich 
reinforcing power than would two distinctly different boxes W 
were regularly interchanged. 

Perkins’ results 


‘which used the 


ike 
though the delay boxes were changed. Thus, Perkins’ results, a 
Perin’s, show that the longer the delay the slower is me aa to 
and that some of the learning very likely can be attributed © 
secondary reinforcing properties of 
all delay-of-reward | 
Perkins obviously d 
stimuli. He Suggests th 


: rom 
» the stimuli resulting roa 
secondary reinforcing agents on the resp 
under consideration. 
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Grice’s experiment. Subsequent theoretical analysis by Spence 
(363) and empirical substantiation by Grice (124) tend to sup- 
port the idea that proprioceptive stimulation produced by the 
rat’s movements may become secondary reinforcing stimuli. A 
crude analogy to this hypothesized state of affairs may be found 
in the golfer who knows he has hit the ball well because of the 
“feel” of the swing and follow through. The “feel,” having been 
associated previously with direct reinforcement of watching the 
flight of the ball, has in itself gained the capacity to reinforce 
(“nice shot”). 

Grice’s conditions for testing the hypothesis were straightfor- 
ward: he (1) devised one situation in which differential proprio- 
ceptive cues were at a minimum, and (2) created another situation 
in which the proprioceptive cues resulting from making the correct 
response were markedly different from those resulting from the 
incorrect response. The first was constructed by using a simple 
black-white discrimination situation with the position of the 
black and white stimulus cues alternated from trial to trial. Going- 
to-white was the correct response but since the white stimulus cues 
were sometimes to the left and sometimes to the right, no distinctive 
proprioceptive cues could be associated with going-to-white and 
getting food. The second situation was exactly the same except 
that making the response to the white stimulus cues involved 
going up an incline, and making the response to the black stimulus 
cues required the rat to weave through two narrow offset openings. 
The hypothesis suggested’ that these two distinctly different 
responses would provide proprioceptive cues to differentiate 
between the right and wrong responses. . 

As soon as a rat had made a response to the correct (or incorrect) 
stimulus cues, it entered the delay box. Delay time was varied, 


not by making the animal stay in a delay box, but rather by 
lengthening the alley between the point at which the response was 
made to the black or white cues and the goal box. Lengthening 
the alley simply forced the rat to take a longer time to reach the 
goal. Median times actually required to reach the goal box were 
used as i in handling the data. 

oder Po i E which we find described in Grice’s 
study, the delay time was 5 seconds. In the first situation, the one 
in which cues were minimized, the median number of trials to 
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learn to a criterion of 18 correct responses out of 20 trials was 
580 trials. In the second situation, the situation in which different 
proprioceptive cues were provided, the median number of trials 
required to reach the same criterion was 295. Thus, the evidence 
indicates that proprioceptive stimuli may become associated with 
a food reward and thus serve as secondary reinforcing agents. 

This series of studies not only emphasizes that greater delay 
of reward can take place because of secondary reinforcement, 
but also shows how important the forms of secondary or symbolic 
rewards are for learning even in the lower animals. The general 
principles to be particularly noted from this series are that (1) the 
longer the delay between response and reward the slower is the 
learning; and (2) the greater the elimination of secondary reinforce 
ment cues, the more rapidly the learning rate falls off as a function 
of the delay interval. 


TABLE 22 
EYELID CONDITIONING AS A FUNCTION OF INTENSITY OF cs 
Intensity of tone Mean Frequency 
(decibels) Anticipatory Responses 
15 24.3 
30 25.5 
45 25.7 
60 23.6 
75 23.5 
90 30.1 


Data from Carter (59). 


Intensity of CS 


It might be expected that rate of conditioning would be ê 


function of intensity of CS. This expectation is not substantiated by 
the data. Carter (59), using six groups of Ss, has studied this vari- 
able in human eyelid conditioning. The US was a puff of ais 
and the CS a tone of 1024 cycles, the intensity of the tone being 
the independent variable. In terms of decibels above threshol : 
the intensity of CS for the six groups was 15, 30, 45» 60, 75 aoe 
go. (120 decibels is approximately the threshold of pain.) As e 
preliminary testing, 50 training trials were given and conditioning 
was measured by the mean frequency of responses w 
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anticipated the air puff. These data are shown in Table 22. Thereis 
no evidence of any consistent relationship. We may, therefore, 
conclude that according to the evidence available to date, intensity 
of CS is not an effective variable. If CS is above threshold, conditioning 
will take place. 


Complexity of CS 

Though the intensity of CS is not an effective variable, the 
complexity of CS definitely is important. By complexity of GS 
we mean the number of different components. The relationship 
will be illustrated by Miller’s study (258). 

He used the reflex eyelid response, the closure being effected 
by a US which was a slight electric shock below the eye. For 
these groups (ten Ss to a group) the CSs were: 

Group I: A black pointer moving on a white background and 
a simultaneous sound of changing pitch received through ear- 
phones. This is considered a compound CS, 

Group II: Sound of changing pitch only. 

Group III: Sight of moving pointer only. 
Miller presented to each group of Ss 50 paired reinforcements, 
the results of which are expressed by per cent frequency of anticipa- 
tory responses given by each group. Group I gave 81 per cent 
conditioning; Group II 45 per cent; and Group III, 23 per cent. 
The compound CS is much more efficient than either single cs, 
and the auditory CS produces more conditioning than does the 


visual CS. 


Miller’s data may be somewhat misleading. We see, for example, 


that level of conditioning attained with the compound GS is greater 
than that of the two single stimuli added together. The more 
probable relationship is that the level of conditioning produced 
by a compound CS is somewhat Jess than the arithmetic sums 


of the conditioning produced by the individual components (165). 
ion of the moving-pointer 


In Miller’s experiment visual observati : 
stimulus may have had some influence on the eyelid reflex, perhaps 


an interference effect, which was greater when the pointer was 
used as CS alone than when used in combination with the pitch 
stimulus. It is sufficient for us to know that under otherwise 
comparable conditions, compound or complex .CSs produce more 


rapid learning than do unitary CSs. 
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Complexity of US » 


Although few studies have been concerned with this variable, 
enough data are available to show that it is an effective one. This 
is demonstrated in a study by Weber and Wendt (400), who 
investigated the eyelid reflex. Four groups of Ss were used in a 
procedure in which the CS was always a light stimulus and the 
US was varied as follows: 

Group I: US was very loud sound (approximately 95 decibels). 
(A loud sound will produce eyelid closure). 

Group II: US was puff of air to eye. i 

Group III: US was puff of air or loud sound, these two being 
used randomly, but for the total period, equally often. 

Group IV: US was both an air puff and a loud sound administered 
simultaneously. 


TABLE 23 
Conprriomc as A Function or Comprzxiry or US 
Mean Frequency Mean Amplitude (3 mm) 
Us CRs in 50 Trials of CRs in 50 Trials 
Sound 5.5 0. 
Puff 16.0 0. 
Sound or Puff 16.0 1. 
Sound and Puff 28.8 2. 


Data from Weber and Wendt (400). 


S was given fifty training trials. The results (Table 23) show 
that the greatest conditioning took place with the compound 5 S, 
the sound alone being a very ineffective US. The authors believe 
that the sound was ineffective because S rapidly adapts to it. 


Pre-Association of CSs 


In an experiment by Brogden (35) a light and a bell were Pee 
sented together to dogs for 200 trials. Following this presentatio? 
a conditioned flexion response was established by using a b 
the CS and a shock as the US. On test trials the light was Pf 
sented and it was shown that the flexion response occurr ed to BS 
light, although the light and shock had never been paired. Ade 
quate control groups were used in which the preliminary pairing 
of light and bell was omitted. The obtained phenomenon, called 
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Sensory pre-conditioning, is a form of transfer of training which 
obviously influences the rate at which conditioning takes place. 
In two out of three attempts, sensory pre-conditioning has been 
demonstrated with human Ss (37, 38, 187)- 

This phenomenon is an important one for learning theories. 
Somehow, during the pre-training presentations of light and bell, 
the two stimuli became associated or became functionally equiva- 
lent. Any theory which assumes that learning takes place only 
by primary reinforcement (food) or by secondary reinforcing 
stimuli, has some difficulty in pointing out the reinforcement 
which was present during the 200 pre-training presentations. 


Massed vs. Distributed Training 
n of this stimulus dimension one should 
think of massed training as the situation in which trials are given 
in rapid succession with a minimum time interval between each 
trial, and distributed training as the situation in which some longer 
interval is allowed between each trial. Experiments on this variable 
have been performed in three ways. 
1. Number of trials is kept constant, but the interval between 
trials js varied. Thus Æ might give one group 50 training trials 
with 1 minute between trials, another group 2 minutes between 
trials, and a third, 4 minutes between trials. The exact times 
within any group, would have to be varied somewhat to prevent 
temporal conditioning. But, if there are differences in rate and 
degree of conditioning, they would be attributed to the major 
differences in distribution of the training trials. The work (number 
of trials)—rest ratio may, of course, be varied in many different 
ways. 
2. A criterion is established and 
the criterion determined under masse 
3. The time interva 
the number of trials giv 
may use a 30 minute training P 
fairly evenly for one condition, and 30 trials during the same 
lts from such a procedure 


period for another condition. The resu 
may not always be easy to evaluate, but in some cases where this 


has been used, it has been shown that a few distributed trials 
resulted in faster learning than did more massed trials (169, 309)- 


In reading a descriptio. 
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We need not take up a specific experiment. Several studies have 
shown that conditioning takes place more rapidly by distributed than 
by massed trials. In fact, in one experiment, a CR built up during 
distributed practice was eliminated if additional training trials 
were given under massed procedure (334). 

Ratio of Reinforcement 


The US in Procedure I and the reward (or escape from punish- 
ment) in Procedure II lead to reinforcement. The general im- 
pression which one would get from all that we have said thus far 
about conditioning is that reinforcement is necessary for strength- 
ening responses elicited by a specific stimulus or by a stimulus 
complex. Later, we shall see that such an assumption is not shared 
by all psychologists. One of the reasons for this disagreement has 
been work on the variable—ratio of reinforcement. By ratio of 
reinforcement we mean the proportion of trials followed by Te 
inforcement. In the usual experiment the reinforcement occurs 
after each trial. Much of Skinner’s work (356) illustrated experi- 
ments in which the rat did not get a food pellet each time the lever 
was pressed; instead, the rat received a food pellet only at regular 
intervals regardless of how many responses were made. Skinner 
reports that one rat maintained a high level of performance with 
a food pellet received only after each 192 presses. However, the 
full importance of such results for theoretical formulations appears 
in a series of experiments by Humphreys (168, 170, 171). These 
experiments involved the conditioning of the psychogalvanic¢ 
response, the eyelid reflex, and a lever-pressing response. Let ue 
illustrate the finding with the conditioning of the psychogalvanie 
response. 

One group of 20 Ss was given 16 paired stimulations of a tone 
(GS) and a shock (US). The CS was presented to another grouP 
16 times, but only eight of these presentations were followed by 
the US, these 8 trials being distributed randomly among the 16. 
Thus, the latter group had only partial reinforcement—half as 
many reinforcements as the first group. 

The results show that the conditioning at the end of 16 trials 
was approximately the same for both groups. In this case, it 
appears that a reinforcement does not necessarily strengthen the 
response; if so, why should the group with 16 reinforcements 
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not show a higher degree of learning than the group with only 
eight reinforcements? We might say that it was due to pseudo- 
conditioning, but other considerations suggest that the findings 
cannot be accounted for completely by psuedo-conditioning. 

In studies using Procedure II (in which partial reinforcement 
has been shown to be as efficacious as complete reinforcement) it 
may well be that secondary reinforcement by symbolic rewards 
accounts for the findings. Denny (79) has shown that 50 per cent 
reinforcement is just as good as 100 per cent reinforcement in 
a T-maze, providing opportunities for secondary reinforcement 
are present during the responses which are nonreinforced by 
primary reward. If the source of secondary reinforcement is 
removed, 50 per cent reinforcement does not provide as rapid a 


rate of conditioning as does 100 per cent reinforcement. 
jal reinforcement in 


To date, however, the results of parti: 
responses conditioned by Procedure I remain unexplained by those 


(the writer included, 195) who hold that the US leads to a state 
of affairs which strengthens the response it evokes. A source of 
secondary reinforcement has not been identified in the Procedure 


I situations. 


Summary 

In this section we have been quite brief in the treatment of 
some of the variables influencing conditioning. Scores of supple- 
mentary studies have not been mentioned. Yet, we have covered 
the major determining factors which cause the rate of condition- 
ing to vary, and, surely, by now the complexity of the conditioned 
response is evident. Furthermore, we appreciate something of the 
difficulty of experimental work in this area. Even control of the 


variables which have been identified is an exacting job, and it 
should’ always be kept in mind that some of the more complex 
problems have not been touched upon here. The extensive treat- 
ment by Hilgard and Marquis (153) should be consulted. 

So that we may not leave this section with a feeling of con- 
fusion over the influence of so many variables, let us review them 


briefly and give tentative generalizations. ’ 
1. Time between CS and US: Procedure I. Optimum rate of con- 


ditioning occurs when CS precedes (and overlaps) US by a short 
interval, varying from .2 to 1-0 second for various responses, 
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2. Time between Response and Reinforcement: Procedure II. The 
sooner the primary reward is received after the response the faster 
is the learning. 

3. Intensity of CS: This is not an effective variable. i 

4. Complexity of CS: The more complex the CS the more rapid is 
the conditioning. x 

5. Complexity of US: The more complex is the US the more rapid 
is the conditioning. 2 

6. Pre-Associations of CSs: If one of two pre-associated stimuli 
is used as the CS, the other will provide faster conditioning than 
if it had not been associated with the first. é 

7. Massed or Distributed Training: The greater the distribution 
the faster is the learning. 

8. Ratio of Reinforcement: Conditioning may take place as rapidly 
with proper partial primary reinforcement as with complete 
primary reinforcement. 


FACTORS INFLUENCING EXTINCTION 


Experimental extinction is a procedure introduced following conditioning: 
It is accomplished by presenting the CS on a series of trials without the 
US (Procedure I), or by removing the primary reinforcement (Procedure I): 
These procedures customarily result in the gradual decrement 
in the conditioned response as determined by the various indices 
of response strength. Following Pavlov, we say that this redin 
tion is brought about by a form of internal inhibition. Intern 
inhibition is in contrast to external inhibition which is brought 
about by a foreign or distracting stimulus during training- Suc 
a stimulus causes a sudden, temporary decrement in response G 
CS, whereas experimental extinction produces a gradual aeei 
ment in response. Extinction is not to be confused with forgetting: 
Extinction is an active experimental procedure, whereas forgettin: 
of a CR is measured some time after conditioning without extinction 
intervening. 

It is quite obvious that learning is an essential process if a 
organism is to adjust to changed environmental conditions. No 
quite so obvious, perhaps, is the importance of the adjustive 


nature of extinction. The significance of extinction has been pointe 
out by Hull: 


— — 
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As a result of the largely random flux of events in the world to which 


organisms must react, it in 


evitably comes about that they will often be 


stimulated by extensive groups of conditioned stimulus elements, none of 
which is causally related to the critical factor or factors in the reinforce- 


ment situation, In such cases, if 


the stimuli evoke the reaction it will not 


be followed by reinforcement. This, of course, is wasteful of energy and 
therefore unadaptive. The necessarily unadaptive nature of an appreciable 


portion of the habits set up by virtue of 
raises the question of how organisms are a 
tions. The answer is found in the behavioral 


extinction (165, pp. 258-259): 


This section treats briefly a s 


tion in the rate at which extinction tak 


ence of some variables may be predicted 
and because the experimental method 


mpt to treat minor variables. 


influence on conditioning, 
is clear, there will be no atte! 


the law of reinforcement naturally 
ple to survive under such condi- 
principle known as experimental 


eries of factors which cause varia- 


es place. Because the influ- 
by our knowledge of their 


Number of Training Reinforcements 


The inference is that the greater the n 
e CR, although this is not without 


partial reinforcement. However, if 


training trials the stronger is th 
some complication as concerns 


a response tendency is stronger as a conseq! 


number of reinforced repeti- 
tions, one would expect it to 
extinguish more slowly than 
would a weaker response. In- 
deed, we have seen (Chapter 
VI) that resistance to extinction 
is one index occasionally used 
for inferring differences in level 
of conditioning. The relation- 
ship between number of re- 
inforcements and extinction rate 
is shown by Williams (414)- 


umber of reinforced 


uence of greater 


> u 
sssges 


= N 
o o 


Mean No, Trials to Extinguish 


90 


510 30 
Number of Training Reinforcements 


Fro. 60. Extinction as a function of 
number ol ining reinforcements. 


f training 
Data from Williams (414). 


Williams used four groups of a apn Oy 
After premilinary training in the 


rats, 35 animals to a group- 
Skinner-box, Group I receive 
Group III, 30; and Group IV, 


pressing the lever and receiving a 


d 5 rei 
go. Eac 


inforced trials; Group II, 10; 
h trial consisted of the rat’s 


pellet of food. In terms of 
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Pen w 
performance (time) on the on five ma Williams could sho 

is four groups were roughly equal. üe 
Dee rv eid iin took place with all a i 
same deprivation state. During extinction e RE 
food for leyer-pressing, and the arbitrary criterion o: me (Fie. 
used was no-response-during-a-5-minute-period. The cn ee 
60) clearly indicate that in terms of number of tria 


ionship wi training 
extinction there is a direct relationship with number of 
reinforcements. 


Complexity of CS 


ity of 
The relationship between rate of extinction and comp eat a 
CS is shown in a study by Razran (301), whose are hat 
studying conditioning is unusual. It will be ceca his 
Pavlov used the salivary response as the basic response a 
studies with dogs. Razran studied conditioned salivary eas the 
in humans. Dental rolls made of cotton were inserted un aote 
tongue to absorb saliva. A roll was weighed (in centigrams) 


Í 3 ait 
it was placed in the mouth and then weighed again mee afl 
was removed, the difference in the two measurements giving 
index of saliva flow. At 


least one conditioning trial was ae a 
each roll. We know that without conditioning there woul trol 
some increment in the weight of the dental roll. Therefore ee 
Periods were necessary to determine the normal saliva flow. dere 
above this in amount (as determined by weight) was conside 
to be a function of conditioning. 


e 

For USs Razran used various kinds of food. The CSs ne 

visual in nature, so Razran misled his Ss by telling them that E 

experiment had to do with the influence of visual fain m 
digestion. Conditioning was customarily obtained without di 

culty. 
i š n 
In the experiment on complexity of CS and extinction, Razra 


© i ion 
f light combinations for CSs. For extincti 
with a single CS, one of the units o; 
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We may conclude that extinction will be slower with a com- 
pound CS than with a unitary CS. 


Massing vs. Distributed Extinction Trials 


We have seen that distributed training trials enhance speed of 
conditioning as compared with massed trials. Now we ask how 
the massing and distribution of extinction trials influence rate of 
extinction. The data are not conclusive on this matter, as some 
studies (with different kinds of CRs) show little difference between 
rate of extinction as a function of massing and distribution, and 
others show some evidence that massing of trials facilitates extinc- 
that distributed extinction leads to 


tion. There is no evidence 
Let us consider one study which 


faster extinction than does massed. 
in general shows that massed practice facilitates extinction. 

Rohrer (320) used a device in which a rat was trained to flip 
a bar by an upward motion of the head. When the bar was flipped, 
a pellet of food was released. However, the rat was not free but 
confined tightly in a small wire cage and stock with only its head 
protruding. Furthermore, the cage was on a platform which 
could be moved away from the bar, and the bar in turn covered 
with a panel. By this method E could give discrete trials simply 
by moving the rat into position, recording the latency of bar- 
response, and then removing the rat to await another trial. This 
method fits neither Procedure I nor Procedure II as we have 


defined them. 

By using several groups of rats, 
the massing and distribution of 
number of training reinforcements and the a 
deprivation at the time of extinction. The latter two variables 
become important in interpreting the result of massing and distri- 
bution, but the specific conditions are not pertinent to our momen- 
tary problem. Massing of extinction trials was defined by conditions 


in which ro seconds were allowed between trials, and distributed 
extinction by go seconds between trials. Extinction was arbitrarily 
said to be complete when the animal failed to hit the bar in 10 
Seconds after exposure to it on two successive trials. a i 
The results show that with low strength of original habit (as 


defined by number of reinforcements) there was oe ae 
in massing and distributio th strong initia 


Rohrer manipulated not only 
extinction trials, but also the 
number of hours of 


n of trials, whereas wi 
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C: nse 
latively large number of trials may be expected before a respo 

re! p 

is extinguished 


the extinction Process, 
A bit of theory. 


Because we are to 
learning theory, we 


devote a special chapter to 
have avoided theor 


etical problems in consider- 


by random selection. His results 

1 A pens available wherei 
equal groups of r; ts. Tw 

exactly alike i i 


© have sj ifi $ 
d of training. He was able to make certain adjust- 
y re-grouping So that the results are 
influence of ex% Timental Conditions, 
h a much-simplified version of theories which have been suggested 
Creygrious writers. The Most com; of such theory is to be found in Hul 
165), 
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ee of the excitatory state. If such js true, rest periods 
ka g learning should result in more rapid learning. This would 
Pag ate because the rapid disappearance of the inhibitory 
would leave the positive or excitatory state relatively 
a oe We have seen that distributed practice results in more 
Pam acquistion of CRs; hence, the theory squares well with those 

Now, let us consider what happe 
extinction we would have no new 
inhibitory increments. Consequently, 
would expect the inhibitory state to become more powerful than 
the excitatory, resulting, in the end, in the elimination of the CR— 
experimental extinction. If we give distributed practice during 
extinction we would predict less rapid decrement than if we give 
massed. This would be true because during the rest interval the 
inhibitory state would dissipate. Under massed trials it would 
- not dissipate; hence, extinction should take place more rapidly. 
We have seen that the data do not negate the theory as applied 
to extinction, but neither are they entirely favorable. Massing of 
trials does not always result in faster extinction. 

What might be identified with the inhibition which develops 
during extinction? It has been suggested (262, 275) that when an 
organism makes a response and is not rewarded, it is, in a sense, 


punished. On subsequent occasions it should have less and less 
tendency to make that response. We may conceive of this as an 
each non-rein- 


avoidance response which grows stronger with 

forced extinction response until it is dominant over the approach 

response (excitatory tendency) built up during the learning trials. 

At this point, extinction should be complete, as this is the point 

where the avoidance response is stronger than the approach 

response. 
Furthermore, on the basis of su! 


.that anything which increases the pu d w 
failure to receive reward would enhance the speed of extinction. 


Mowrer (275) has guessed that if an organism has to work hard 
in making a response, the avoidance tendency built up will be 
greater than if the work were relatively easy- It is as though a rat 
says: “I did all that work and what do I get” in the hard work 
situation, and in the easy: “Well, I’m not out much, even though 


ns during extinction. During 
excitatory increments—only 
over a series of trials we 


ch a theory, we might expect 
nishment associated with 
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3. Massing vs. Distribution. The evidence is not clear-cut, but it tends to 
support the generalization that extinction is most rapid with massed 


extinction trials. 3 
4. Amount of work. The greater the work required of the organism in 


making the response, the faster is the extinction. 
5. Effect of Punishment. There is no evidence that total trials to extinction 


is significantly reduced by punishment, 


As yet, little direct attention has been paid to the rôle of 
secondary reinforcement by symbolic reward in extinction. Any 
CS or CS complex takes on secondary reinforcing properties so 
that extinction actually consists of removal of reinforcing proper- 
ties of symbolic rewards. The more we know about the réle of 
symbolic reinforcement the more we will know about extinction. 


OTHER PHENOMENA 
Spontaneous Recovery and Disinhibition 


If a period of time is allowed to elapse following extinction and 
the CS is presented again, the response previously extinguished 
will have recovered a certain amount of response strength. This 
recovery defines the phenomenon of spontaneous recovery. Few 
American investigators have 
found that the response will 


fsa recover to its former strength, 

3315 though possibly not enough 

S219 time has been allowed to 

sf elapse. 

an * Let us illustrate the general 
5.5 25 65 185 relationship between sponta- 


Time (Min.) Between First and Second Extinction 
neous recovery and the pas- 


Fic. 62. Spontaneous recovery as a sage of time as determined 
foncio e pial SaEMENOR by Ellson (89). Each of four 
groups of rats used in a 

Skinner-box situation was given 30 reinforcements and then 
extinguished. Spontaneous recovery was measured after various 
intervals of time in terms of number of trials to extinguish the 
second time, the criterion of extinction being a period of five 
minutes without a response. The first extinction required an aver- 
age of 50 trials. The second extinction took place after 5.5 minutes 
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for one group, 25 minutes for another, 65 minutes for a third, and 
185 minutes for the fourth. If a response recovers as a function of 
time, the longer the interval the greater should be the number of 
trials required for the second extinction. The results show that 
this is true (Fig. 62). 

Spontaneous recovery and successive extinctions. Follow- 
ing spontaneous recovery E may again extinguish a response, once 
more allow recovery, extinguish again, and so forth. It is believed 
that only by such successive extinctions can a response be com- 
pletely eliminated from an organism’s repertoire of responses, 
though this has not been established. Some data have shown that 
each successive extinction takes place more rapidly as a function 
of previous extinctions, but we do not know whether it is due to 
the fact that extinction takes place more rapidly or whether it is 
because spontaneous recovery is less and less with each successive 
extinction. It is possible that if a response were allowed to recover 
completely after each extinction, all successive extinctions would 
take the same length of time. As yet we do not know the recovery 
properties of a response as a function of the number of extinc- 
tions, although it is highly probable that there is less and less 
recovery following successive extinctions. 

Disinhibition. A phenomenon which must be related to spon- 
taneous recovery is disinhibition. The operation necessary to 
demonstrate disinhibition is the presentation of a foreign stimulus, 
e.g., a raucous buzzer, during or immediately after extinction. 
Following this foreign stimulus, the CS is presented. If the sup- 
posedly extinguished response occurs at greater strength than was 
manifested just before the presentation of the foreign stimulus, 
disinhibition has been demonstrated. 

In one study (373) a loud buzzer was sounded immediately 
following near-complete extinction of a psychogalvanic response. 
Then the CS was presented ; the CR recovered nearly two-thirds 
of its former strength. The enhancement of response is short- 
lived, lasting only a few trials if the CS continues to be presented 
without the US. 

Both spontaneous recovery and disinhibition represent a facili- 
tation of the CR following extinction. Much less work has been 
performed on these phenomena than on acquisition and extinc- 
tion. The most generally accepted theoretical interpretation of 
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spontaneous recovery posits an inhibitory process (as we have 
previously discussed) built up during learning which dissipates with 
the passage of time, thus leaving the excitatory state relatively 
stronger. The same inhibition is presumed to be “knocked out” 
in some fashion by the foreign stimulus which produces disinhibi- 
tion; the foreign stimulus inhibits the inhibition. 
Higher-Order Conditioning 

In higher-order conditioning a CS sérves functionally as the US 


for the conditioning of the CR to a new CS. Diagrammatically 
this procedure may be shown as follows: 


First-Order CR: Bell (CS) ...---00eeeseeeeeet 
i Meat Powder 
(OS)! cecon on 


UR (salivation) 


After several pairings the bell will evoke salivation, and a simple or 
first-order CR is said to have been formed. Then the following 
pairing is used to develop the second-order CR: 


UR (salivation) 
The bell, by virtue of its previous association with salivation, will 
evoke the salivary response in the second-order CR so that after 
several pairings the buzzer will evoke the CR. 

Occasionally, in establishing these higher-order CRs it is neces- 
sary to provide additional primary reinforcement. This would be 
expected, since it is clear that in higher-order conditioning we 
are dealing with secondary reinforcement through symbolic 
rewards, and the secondary reinforcing properties themselves may 
be extinguished gradually. 

American investigators have been able to establish as many as 
five orders of CRs. Culler and his associates have done much of 
the work. An experiment by Brogden and Culler (39) is repre- 
sentative. Using foreleg flexion in dogs, they established the first 
order CR to a tone as CS. The US was a shock to the paw, but 
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after the response was established the shock was transferred to 
the thorax. It has been found that once the response has been 
established by shock to the paw, it may be perpetuated by a shock 
on other portions of the body. This is sometimes called heterogeneous 
reinforcement (153). 

To establish the second-order CR a light was used as the new 
CS and the tone used to elicit leg flexion. Two additional orders 


were established so that the four-orders were: F 


cs US 
First order tone shock 
Second order light tone 
Third order bell light 
Fourth order electric fan bell 


The Es occasionally found it necessary to go back to primary 
reinforcement by administering the shock to the thorax following 
the use of the tone as CS, i.e., they went back to first-order con- 
ditioning. These Es found it progressively easier to establish the 
response as the order became higher, although it may well be that 


the animal reached a.point where it responded to everything. 
onse was 


Twenty-five trials were given each day, and the resp 
said to be learned when S made 23 responses out of 25 presenta- 
tions of CS. The results (Table 24) clearly show that each suc- 
cessive CR was established more readily than the order preceding. 


TABLE 24 
TRAINING Time ror HicHER-ORDER CRs 
Days 
Animals 
Ist order 2nd order 3rd order | ` 4th order 
A nal 
A 28 18 5 3 
B 25 19 6 3 
C 46 22 4 3 


Data from Brogden and Culler (39). 


Mediated Conditioning 

Mediated conditioning may be considered a form of transfer 
of training. The phenomenon will be illustrated by Graham’s 
study (116). Hindleg flexion was established to a buzzer as CS, 
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a situation in which a person designs a new airplane engine, and 
so forth. 

In more advanced courses and reading the student will find that 
some psychologists believe that most of the basic laws of behavior 
modification can be deduced from the principles of conditioning. 
He will discover that some psychologists use a few basic principles 
of the conditioned response in explaining abnormal as well, as 
normal behavior at all levels of complexity. He will discover that 
there are those who eschew the study of the conditioned response 
as being no more than an interesting laboratory phenomenon, 
largely without significance for adult activity. There are honest 
differences of opinion concerning the place of conditioning in 
psychology. These differences, in the writer’s opinion, have come 
about largely because of basic differences in orientation or belief 
as to the, level of situational complexity with which psychological 
study should begin. The student will find it almost imperative to 
suspend judgment of these points of view until an elaboration of 
them is possible in advanced courses. 

From the material covered in this chapter the student should 
gain an elementary grasp of the experimental procedures used in 
studying conditioned responses and an ability to recognize that 
experimenta] anesse is a prerequisite to satisfactory science in 
even a “simple” situation. Regardless of the degree of complexity 
of the subject matter, the basic code of experimental conduct does 
not change. 


SUMMARY 


1. Conditioning is a group of techniques used to study learning. 
In the typical case, conditioning involves the acquisition of a rela- 
tively discrete response to a relatively discrete stimulus. 

2. We have considered two general classes of procedure which 
are distinguished by (2) the discreteness of the conditioned stimulus, 
(b) the source of the response, (c) and the degree of physical 
freedom. 

3. Four measures of conditioning have been commonly used: 
(a) latency, (b) frequency, (c) amplitude, (d) trials to attain a 
given level. 

4. Eight major variables concerning the rate and degree of 
conditioning have been illustrated: (a) time between US and CS; 
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(b) time between response and reward; (c) intensity of CS; (d) 
complexity of CS; (e) complexity of US; (f) pre-associations of 
CSs; (g) massed vs. distributed training; (A) ratio of reinforce- 
ment. 

5. Five major variables concerned with rate of extinction have 
been illustrated: (a) number of training reinforcements; (b) com- 
plexity of CS; (e) massing vs. distribution of trials; (d) amount 
of work; (¢) punishment. 

6. Other phenomena briefly discussed were: (a) spontaneous 
recovery; (b) disinhibition; (c) higher-order conditioning; (d) 
mediate conditioning. 

In terms of a dimension of situational complexity, conditioning 
procedures define the least complex end of the dimension. In the 
next chapters we move up the dimension to the more complex 
situations in which learning is studied. 


CHAPTER XII 
Learning II— Multiple-Response Learning 


a 


INTRODUCTION 


The previous chapter was largely concerned with unitary 
response associations—a single response associated with a more 
or less discrete stimulus. We considered methods of studying 
variables which influence the speed of the lever-pressing response, 
latency in leaving a starting box, frequency of lifting the forepaw 
at the sound of a buzzer, amplitude of eyelid closure to a tone, 
and so forth. The current chapter proceeds to a study of learning 
as it takes place in a more complex situation: namely, the situation 
in which a series of responses is combined or integrated into a 
patterned behavior sequence. In many cases it will be seen that 
this pattern consists of an integration of a series of discrete responses to 
discrete stimult. 

We are well aware that classifications made for purposes of 
study are not rigid. Perhaps the lever-pressing of the rat involves 
more than a simple “‘press”; almost certainly escape from a problem 
box constitutes behavior which can be called patterned behavior; 
the flexion response in the dog is, without question, not a simple 
muscle twitch. Yet, by and large, as compared with conditioning, 
we move up the dimension of task complexity from the less complex 
to the more complex when we study the integration of a series of 
responses. 

A dimension of complexity may be related loosely to difficulty 
of learning. By most standards of evaluating difficulty, we would 
say that memorizing a passage of poetry is more difficult than 
acquiring a conditioned psychogalvanic response. Learning poetry 
requires voluntary effort on S’s part which is in contrast to what 
he does under the human conditioning procedure. Conditioned 
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responses of a primitive nature have been established in animals 
in which the higher brain centers have previously been severed 
from the lower centers which still function, and we have what 
is called spinal conditioning. It is difficult to conceive of a “spinal” 
John Doe memorizing a passage from Shakespeare. In a limited 
sense, then, complexity of task is related to difficulty of learning. 
Rote learning. We often find the label rote learning applied to 
paired-associate or serial-type learning. The label implies a 
“dehumanized,” and perhaps low-level form of learning. However, 
for mastering many tasks, it appears to be fairly efficient. New 
symbol series, foreign language and technical vocabularies, codes, 
and so on, can be rapidly acquired by rote learning. Although we 
might wish to think otherwise, this form of learning, to which 
this chapter is in part devoted, seems to be an essential core of the 
skills required in our schools. The mastery of many symbol systems 
by this method allows these symbols to become efficient aids to 


thinking and reasoning. 
Plan of the chapter. The outline of the current chapter is 


similar to the preceding ones: 


. Tasks and procedures defining multiple-response learning 


Methods of response measurement 
Variables influencing rate of multiple-response learning 


. Special phenomena of serial learning 


. Maze learning 
. Concluding considerations 


DUPON H 


TASKS AND PROCEDURES DEFINING 
MULTIPLE-RESPONSE LEARNING 

this chapter we will consider learning 
ghly distinguished from each other on 
f overt activity required by the task. 
Thus, the memorization of a poem involves less overt motor 
response than does tracing a maze or kicking a football. The learn- 
ing of verbal associations is considered to be near the lower end 
of a dimension defined as degree of overt response involvement, 
whereas tasks with a great deal of motor involvement are placed 
toward the other end of the dimension. There are many tasks 
which one would place between these extremes. Such tasks as 


Within the scope of 
tasks which may be rou 
the basis of the amount © 
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maze learning, typing, and code learning, show less motor involve- 
ment than does, let us say, swimming, but they show more than 
does verbal learning. We shall use this dimension as a basis for 
reviewing systematically materials and tasks which have been used 
racher frequently in experiments. Let us first discuss verbal tasks as 
representative of the lower end of the dimension. 


Verbal Tasks 


Any sort of written or spoken symbol may be employed in a 
learning experiment. It has become customary, however, to use 
certain classes of materials, and this custom has allowed some 
continuity from experiment to experiment, a state of affairs which 
is highly desirable for the integration of experimental results (253). 
We shall list the two major classes of material separately. 

1. Nonsense syllables. We are already familiar with this form 
of material (Chapter IX). The original use of nonsense syllables 
was premised on the belief that they allowed learning to start at 
a point closer to zero than did more meaningful material. Another 
belief was that the variability of performance among Ss would 
be reduced by using nonsense syllables. Whether these assump- 
tions are true or not is of small consequence in current research. 
The use of nonsense syllables persists because they are easily 
manipulated and controlled and actually form the basic material 
for investigating the effect of meaningfulness on learning. The 
learning of nonsense syllables probably requires no essentially 
different skill than does the learning of mathematical formulae, 
foreign language vocabularies, or the abbreviations for names of 
government bureaus. Facts based on nonsense-syllable learning can 
be applied to other situations. 

2. Meaningful material. A great variety of meaningful material 
has been used, including lists of adjectives, nouns, and three-letter 
words of all parts of speech. Prose passages, poetry, and oriental 
language characters have been employed to some extent, although 
adequate control and analysis of such material is not easily 
accomplished. 

Serial and paired-associate learning. We became somewhat 
familiar with these two distinct methods of presenting material in 
Chapter IX. As a brief review, let us put samples of the two 
methods in schematic form. 
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Paired Associates Serial 
vacant ....-+es0 —>narrow vacant 
benign ....-.+- —>senior narrow 
discreet ........ —>brittle benign 
pensive ...+--+ees —bhardy senior 

“ ete. 


Note that in paired-associate learning the associations are “hori- 
zontal,” whereas in serial learning they are “vertical.” If paired 
associates are presented in different orders on successive trials, as 
is the common practice, no associations between pairs (vertical 
associations) are likely to be formed. On the other hand, an item 
in a serial list is first a response to a stimulus and then a stimulus 
to another response. Narrow is the response to the stimulus vacant, 
and narrow is the stimulus to the response benign.* 

Methods of presenting verbal material. There are several 
ways by which verbal material may be presented to S. 

1. Memory drum. This is the standard procedure used in most 
experiments (see Chapter IX). 

2. Card system. For less exact work, E may type words on cards 
and present them successively to S at regular intervals, the intervals 
being indicated by a metronome or some other timing device. 
This method is well adapted for use in group laboratory 


work. 


g. Projection. Some Es have used projectors to present material 


to a group of Ss. The material may be printed on slides or strip 
films. This method allows for rapid collection of data from many 
Ss, but restricts the nature of the material which can be used and 
the responses which can be measured. The use of the memory 
drum with individual Ss is a laborious procedure, but for careful 
study of the learning process, and for securing complete records 
of errors and other observations, it has advantages which more 
than compensate for the labor. Over-all trends can be obtained 
nicely from group experiments, but for specific analyses the 


* In serial learning the list is often preceded by a neutral symbol which is 
used as a cue for the first wo in the list. This, in a sense, makes the first item 
functional since without the neutr: symbol this first item would be used only 


as a stimulus for the second item. 
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memory drum technique, or at least the individual-S technique, 


is mandatory. ; f 
4. Complete presentation. Although used infrequently in recent 


years, this method is required for certain materials. The method 
of complete presentation using a list of nonsense syllables consists 
in giving S the entire list at once and allowing him a limited 
amount of time to study it. E then requests S to recall as many as 
possible and afterwards allows him another study period. This 
method is required for prose and poetry and other connected 
material to which the memory-drum technique cannot be adapted. 


Maze Learning: Verbal-Motor 


We now move up the dimension of motor activity. Maze learn- 
ing, while actually placing less emphasis on the motor aspects of 
performance than is customarily believed, may be thought of as 
involving greater motor activity than does the usual verbal learn- 
ing task. Mazes are of various kinds. 

1. Stylus maze. In the stylus maze a path is cut into or indented 
in a base and the blindfolded S traces the pattern with a pencil or 
special pencil-like rod called a stylus. Two or more alternative 
paths are present at each choice point, only one of which is correct, 
i.e., will lead to the next choice point. The pattern may be cut 
through the base so that the actual tracings can be recorded on 
paper inserted under the maze. Metal plates (blind alleys) in 
circuit with counters may also be used to record the time spent 
in blind alleys or number of errors made. 

2. Raised or finger maze. In this maze the index finger is used 
as the tracing instrument for a pattern which is raised or placed 
on top of a board base. The path is usually constructed of wire 
or small metal tubing. 

The important factor in constructing the stylus and finger 
mazes is that the path be homogeneous throughout as far as feel 
or touch is concerned. This avoids the possibility that localized 

cues may influence the learning. The. blind alleys in the finger or 
stylus maze may be of any number or length, but certain rather 
standardized forms have evolved, the most prominent being the 
multiple-U and the multiple-T patterns. In these mazes S$ has only 
two alternatives at each choice point, one alternative being right, 
the other wrong. Such mazes are shown in Fig. 63. 
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Finish Finish 
Start Start 
Multiple-T Multiple-U 


Fic. 63. Two common maze types. 


3. Multiple-choice type mazes. There are several forms of 
this maze, but the most common is called the punchboard maze. 
Many rows of holes are bored in a large plaque which is placed 
before S. He is told that one hole in each row is correct and that 
he is to discover it by inserting a stylus into the various holes 
given indicating correctness. When he inserts 
a red light automatically turns on, and 
when he puts it into the correct hole, a green light comes on, Ss 
continues through the series of rows, discovering in each case 
which hole is correct. Successive trials are given until S is able to 


go through the series without error. We may schematize a sample 


punchboard maze by letting O represent the five holes in a row, 


and x the correct hole: 


until some signal is 
the stylus in incorrect holes, 


Row 1 o o Oo 8 O 

Row2 @® O O Oo oO 

Row3 O ® o oOo oO 

Row 4 ® (0) (0) Oo Oo 

Row 5 (0) o o O 8 
etc. 


In studies of rat learning, the multiple-U, 
-Y mazes have been used extensively, but 
been constructed to test specific hypotheses 
there have been scores of 


4. Animal mazes. 
multiple-T, or multiple 
since many mazes have 
concerning the learning process, 
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different patterns. One need only leaf through a book largely 
devoted to animal learning in order to recognize that thousands 
of board feet of lumber have been nailed together in many different 
forms to test this or that hypothesis concerning learning. 

Rat mazes may be of the enclosed-alley type in which the 
bottom and two sides are formed of boards with wire mesh for 
a top. Or, they may be elevated, in which case a single narrow 
board forms the path and is raised far enough off the floor to 
discourage the rat from jumping down. A third type is the water- 
maze, with which we are already familiar. 

Maze learning has certain similarities to serial verbal learning, 
since a series of stimulus-response sequences must be integrated 
into a large pattern. Unlike serial verbal learning, however, maze 
learning involves discovery of the correct responses. In serial verbal 
learning S has only to fixate the correct response to a given stimulus, 
he does not need to discover what that correct response is. How- 
ever, a few verbal discrimination experiments have been per- 
formed in which E simultaneously presents S with two or more 
words and tells him that only one of the words is correct. Within 
each of the several groups of such words S must discover the 
correct response. E must of course tell S when a choice is right or 
wrong; thus, the procedure becomes very much like punchboard 
maze learning. 

Many tasks in addition to mazes have been used for the study of 
learning, tasks in which the skills may be said to be neither highly 
motor nor highly non-motor. None of these is used with sufficient 
frequency to be considered a standardized laboratory task. 


Motor Tasks 


Probably the only standardized device for studying motor 
learning is the pursuit rotor. In consists of a circular bakelite turn- 
table very much like that of a phonograph. A small metal target 
disc about the size of a dime is imbedded an inch or two from 
the outside edge, so that its surface is flush with the surface of 
the turntable. The disc will, of course, move in a circular path 
when the turntable moves. S is asked to keep a metal stylus on 
the target, a task which is more difficult than it may appear since 
the stylus is jointed so that it must be held lightly on the target. 
When the stylus touches the disc an electrical circuit is 
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completed, thus activating a timer. The score is usually the number 
of seconds on target for a given interval of time (such as 1-minute), 
each interval being counted as a trial. S may alternately practice 
1 minute and rest 1 minute. In some laboratories dual units have 
been constructed so that 2 Ss may be run simultaneously, with 
all starting and stopping of the rotors, as well as the scoring, being 


done automatically. 
It will be noted that pursuit rotor learning does not actually 


constitute the learning of a series of responses to a series of discrete 
stimuli, as has been the case in tasks discussed just previously. 
-There are part components in the task, although they are difficult 
to analyze into separate elements. Most motor tasks involve a 
series of coérdinated movements which similarly are not easily 


analyzed. 


METHODS OF RESPONSE MEASUREMENT 


Performance is measured in many ways in multiple response 
learning, but these revolve around three primary methods with 
which we are already familiar: (1) mastery level after a given 
number of trials or for a given length of time; (2) number of 
trials or amount of time required to reach a given criterion of 
mastery set by E; (3) error reduction. , 


Learning Curves 

In the previous chapter there were several illustrations of learning 
curves derived from conditioning procedures. In the typical learn- 
ing experiment, response measures are recorded constantly so that 
any change in response acquisition may be seen from curves based 
on trial by trial records. Again we should mention that the shape 


of learning curves is a function of the conditions of the experiment 


as well as the transfer of learning from similar situations. So far 


as is known, there is no one learning curve—no “pure” curve, 
although in actual practice the negatively accelerated learning 


curve is most often found. : 
Learning curves for constant number of trials. When 


plotting a learning curve from data obtained by giving all Ss the 
same number of trials, or the same intervals of practice, there is no 
problem. Since we have a constant number of trials or constant 
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time, we merely average all scores for each successive trial or 
for each unit of time. These means give the best estimate of per- 
formance of the whole group at successive stages in learning. 
Since we shall have illustrations of learning curves for laboratory 
tasks later in the chapter, let us observe a curve for a non-laboratory 
task. Ghiselli and Brown (105) tallied the number of accidents 
of 6o streét car motormen for the first 17 months that the 
motormen worked. The training time these men obtained before 
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Fic. 64. Learning as measured by reduction in number of accidents attributed 
to 60 street car motormen. Estimated from Ghiselli and Brown (105). 


starting on regular runs was never over one month and in most 
cases, only two or three weeks. The 60 men started work at 
various times during a 6-month period so that accidents which 
were a function of seasonal variations in traffic should have been 
fairly equally distributed over the 17-month period. Only a small 
portion of the reduction in accident rate is presumed to be due 
to improvement in motor skill as such. More important is the 
development of abilities to judge speed and distance, and to 
perform under stress. a 

The mean number of monthly accidents for the 60 “$s” for the 
first 16 months of their regular runs is shown in Fig. 64. We have 
combined the frequency for successive 2-month periods. The curve 
has the customary negative slope. 


In some instances the learning process may not be truly reflected 
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in the curve obtained by averaging scores for each trial. For 
example, let us suppose S is to learn a list of ten serial adjectives 
and we allot a constant number of trials, say 20, for learning it. 
Now suppose it turned out that by the end of ro trials all Ss have 
learned the list so they can say it correctly and for the next 10 
trials they only repeat the list time after time. When we average 
Ss’ scores for trials 11 to 20, we would get a straight horizontal 
line, plotting successive trials against mean correct responses. In 
short, our graph might indicate that no learning had taken place 
on the last 10 trials, because there was a “ceiling” on the method 
of measuring the learning. Such a curve would not reflect the 
true state of affairs for those last 10 trials. Actually, the response 
strengths were almost certainly enhanced considerably by these 
10 trials, a fact we could determine by giving retention tests. 
Therefore, in the event that we have a time or trial criterion, and 
any one $ reaches apparent perfection of performance before the 
end of training, the curve of average scores will not adequately 
reflect the degree of learning. 

Learning curves for mastery criterion. When performance 
has been measured in terms of number of trials or time to reach a 
criterion, some difficulty is encountered in plotting a learning 
curve. If we average the scores for each trial, we shall find that 
the fast learners soon drop out of the averages. As each S is elimi- 
nated (because we have no scores for him beyond his criterion 
trial), the N becomes smaller and smaller until for the last measure 
only one S may be involved. Obviously, by such a method, we 
should get a distorted picture of the relationship between trials 
and degree of learning. Some graphic way is needed to make 
the learning period equal for all Ss; the fast learners’ records must 
be stretched over a longer period of time and the period of the slow 


learners contracted. 
Two methods for doing t! 


them, the Vincent-Kjerstad method (1 i 
learning period into tenths, regardless of the length of the total 


period. By this method, each S is represented in each tenth, and 
the means for successive tenths give the picture of the learning 
function. As this technique involves considerable labor, another 
method, the tria hod, is preferred. The computa- 


Js-to-criteria met 
tional labor involved in the trials-to-criteria method is somewhat 


his have been worked out. One of 
50, 252)> divides the total 
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(dependent variable) along the ordinate. This is the customary 
way to plot, i.e., with the variable measure along the ordinate. 
Note, however, that plotting in this fashion yields a positively 
accelerated curve which we know is not characteristic of the 
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Fic. 65. Two methods of plotting trials-to-criteria learning data. 


learning process. The curve as plotted indicates that on the average 
it took more and more trials to reach each successive criterion, 
which actually implies negative acceleration. The familiar picture 
of negative acceleration, however, is not given unless the axes 
are reversed as in the lower graph. Here, the trials to reach the 
criteria are placed along the abscissa and the successive criteria 
along the ordinate, thus yielding a negatively accelerated curve. 
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Both curves, of course, are accurate, and in actual practice both 
methods of plotting have been used. 

The curves of Fig. 65 are somewhat irregular because of the 
small number of Ss involved. Also, they show that on the average 
it took more trials to go from a criterion of eight correct responses 
to a criterion of nine, than it did from nine to ten. This is atypical 
and would reverse itself with a larger number of cases. 


Movement Ratio 


er ee 


24 6 $ 10 12 14 16 
Svecessive Flights 


Fic. 66. The learning of elevator control in flying an airplane. The dotted line 
indicates proper control Estimated from Kellogg (191)- 


ng curves. Many tasks, especially those of a 
motor nature may require many practice periods before a high 
level of performance is reached. If these tasks are such that dis- 
crete parts of the performance may be measured separately, it is 
often worthwhile to plot learning curves for each part for a single 
S. By doing this, a study can be made of the sources of difficulty 
k. During World War II great interest was 


in learning the tas 
focused on skills required to fly an airplane, and attempts were 


made to measure objectively the movements of the ailerons, 
der independently. If the correct movements of 


elavator, and rud 
these controls could be compared with the movements actually 


made by a student, the direction and extent of error could be 
plotted from flight to flight. 
A device for measuring the actual extent of control movement, 


developed at Indiana University, was used by Kellogg (191) to 


study the progress of learning of student pilots. The learning 


Individual learni 
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curve for elevator control for one $ is shown in Fig. 66. Each 
point represents 10 minutes of recording of elevator movements 
while S was flying over a standard course which included four 
left turns and three right turns. The correct movements of the 
elevator were determined by recording these movements as a 
skilled pilot flew over the same course and under the same weather 
conditions as those under which the student had flown. Dividing 
the mean extent of elevator movement of the student by that of 
the skilled pilot, gave an index of error. Thus, a ratio of 1.0 would 
indicate movements which were exactly the same, while ratios 
greater than this would indicate that $ erred by moving the ele- 
vator’s controls excessively. 

Figure 66 is the learning curve for elevator control for approxi- 
mately 17 flights of 30 minutes each, plus the 10 minutes needed 
to record the movements. A curve of negative slope is apparent. 
As far as elevator control was concerned, this student was per- 
forming quite well by the end of the fifth lesson. Only a slight 
increase in error was apparent on the first two solo flights. 


VARIABLES INFLUENCING RATE OF LEARNING 
Massed vs. Distributed Training 


We are already acquainted with the general methods of manipu- 
lating this variable. In the previous chapter wherein these methods 
were discussed, data were cited showing conditioning taking 
place more rapidly under distributed than under massed practice. 
In general, the same conclusion holds when tasks are of the multiple- 
response type. McGeoch, after an exhaustive survey of the literature, 
says: “The generalization that some form of positive distribution 
yields faster learning than does massed practice holds over so wide 
a range of conditions that it stands as one of our most general 
conclusions” (233, p. 119). We shall see, however, that there are 
exceptions to the generalization. ` 

Let us examine some experiments dealing with this variable 
as it is related to specific sub-variables, and while we do this, 
sample methods at various points along the verbal-motor con- 
tinuum. 

Verbal tasks. In a series of experiments Hovland has attacked 
a group of problems associated with massed and distributed practice, 


"gm 
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consistently using nonsense syllables as the learning material. To 
illustrate: one experiment studied rate of learning under massed 
and distributed practice when the syllables were presented at 
different rates (158),—a 2-second exposure rate (typical rate) and 


a 4-second rate of presentation. 
We can orient ourselves to the S’s point of view by quoting 
from the instructions which Hovland gave to his Ss, since these 


are representative of instructions used in rote learning experi- 


ments: 


This is an experiment in learning a list of nonsense syllables, and not a 
psychological test. We are interested in certain complex relationships of 
the learning process common to all people, and not concerned with your 


personal reactions. 
Shortly after the apparatus starts you will see a three-letter syllable in 
the window. You are to pronounce this syllable and those that follow it 
as you see them. After you have seen the list once, you are to endeavor 
to anticipate the syllables; in other words, as you see one syllable you are 
to pronounce the syllable that will follow it before it appears. If you think 
you know what’a syllable will be, but are not sure, guess, because it will 
not hurt your score any more than to say nothing, and if you get it right, 
it will count as a success. If you anticipate a syllable incorrectly, correct 
yourself as soon as it appears. Try always to speak the syllables as distinctly 
as possible. 
Please do not try to think ahead more than one step at a time, or to 
count, or to make up fanciful connections between the syllables to assist 
the learning process. Don’t try to use any special system in your learning; 
simply associate each syllable with the next one as the series moves along 


(157; P- 205)- 

s defined by a 6-second rest between trials 
-minute 6-second interval. With 
te variable, we have a total of 


Massed training wa: 
and distributed practice by the 2 
the addition of the presentation-ra 
four conditions: 

Massed; two-second presentation rate 
Condition IT: Distributed; two-second presentation rate 


Condition III: Massed; four-second presentation rate 
Condition IV: Distributed; four-second presentation rate 


Condition I: 


nt through each of the four con- 
ditions twice, so that with 32 Ss, each condition is represented 64 
times. Systematic randomization (Design Method IV) was used 
to equalize the practice effects for the eight experimental sessions, 


Each S in this experiment we 
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Ericksen (go) used a multiple-U stylus maze with ten choice 
points. Ss in one group learned the maze during a single period, 
and Ss in another group were given 2 trials a day until a criterion 
of two successive perfect runs was reached. The group working 
under distributed condition required an average of only 14.06 
trials to reach the criterion and made a mean of 35.65 errors. 
The massed group took an average of 28.21 trials and made an 
average of 70.0 errors. Thus, the distributed group took approxi- 
mately half as many trials to learn as did the massed group. The 
two groups of Ss were not matched, but even allowing for differ- 
ences in initial ability of the two groups, the obtained differences 
are so large that it seems clear distribution had a very facilitating 
influence. Let us note that 24 hours elapse between blocks of 2 
trials in the distributed condition. We do not know, of course, 
that this particular work-rest ratio is optimum. Other conditions 
of distribution might accomplish even more rapid learning. We 
can see that a. great many combinations of work and rest must 
be explored before E can definitely state the optimal conditions 
of distribution for any given task. 

A second learning task which fits the present category is learning 
to print the alphabet upside down and backwards. S$ starts at 
the right side of the page and prints A upside down, then B upside 
down, and so forth, so that when the page is turned 180 degrees, 
the alphabet can be read in sequence. S is instructed to print as 
rapidly as possible. This task is good as a class demonstration 
experiment, since it can be done with groups of Ss and perform- 
ance almost always shows marked facilitation as a result of distri- 
bution. We shall illustrate this by Kientzle’s study (196). 

Ss were given work periods of 1 minute. If they finished the 
alphabet before the period ended, they immediately started over. 
A different group of Ss was used for each time interval, this parti- 
cular task being of such a nature that it cannot be used with 
counterbalanced conditions effectively (see Chapter X). The 
groups ranged from 35 to 63 Ss and the data show that in terms 
of initial scores all groups were of near-equal ability. Ten degrees 
of distribution were used, as shown in Table 25. It will be seen 
that the intervals for the nine groups vary from o to go seconds 
and that an interval of 7 days between trials was given to the 
tenth group. 


MULTIPLE-RESPONSE LEARNING 403 


In general the results show that as the time interval between 
trials increased up to go seconds, the rate of performance increased 
also. Even the group which had one week between trials did much 


better than did the short-interval groups. 


TABLE 25 


Errecr or DISTRIBUTION OF PRACTICE IN REVERSED-ALPHABET PRINTING 


Interval Between Trials (Sec.) 
0 3 | 5 | 10 | 15] 30 45 | 60 | 90 | 7 Days 


Mean Scores 42.2 48.3 
on Tenth Trial 


Data from Kientzle (196). 


The Kientzle experiment also permitted isolation of the effects 
of rest-interval activity. These effects will be discussed after a 
few general observations on this variable are made. In studying 
the effects of short rest intervals on learning, E must keep S in 
the laboratory. This raises the problem of what to do with $ 
during the rest interval. Any rest interval activity must meet two 
criteria if we are to get out of its use a good estimate of the influence 
of distribution as such. 

(1) A rest interval activity must prevent S from rehearsing the learning 
material. If we get facilitation by distribution, and if S has spent 
the interval silently practicing, then we are not truly measuring 
the influence of the rest interval. Consequently, it has been common 


practice to give S a task which keeps him occupied. However, 


certain pitfalls are involved in this. 

(2) A rest interval activity must not interfere with or facilitate the 
learning of the material. If the rest interval activity interferes with 
the learning material, the influence of distribution will be under- 
estimated; if the rest interval activity facilitates, the influence of 
distribution will be overestimated. 

Es have used many rest interval activities. One commonly em- 
ployed in verbal learning is color-naming. S spends the rest interval 
naming the color of many small paper squares pasted on a board 
or squares that are presented by the memory drum at regular 


intervals. This, it is believed, does not interfere with the learning 
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material and at the same time seems to keep S occupied so that he 
is unable to rehearse. Such an activity is especially suitable for 
short rest intervals. For longer intervals Es have used jigsaw 
puzzles, picture magazines, jokes, cartoons, and so on. So far, 
little empirical attention has been paid to the choice of materials; 
instead, E uses his judgment as to whether or not a rest interval 
task will interfere or facilitate and whether or not it will keep $ 
busy so that he cannot rehearse. It has been shown that if S is 
requested to practice silently during the interval, his performance 


Mean Letters Per Minute 
Mees as a 


5 6 
Trials 


Fig. 68. The effect of filled and unfilled rest intervals on reversed alphabet 
printing. Data from Kientzle (196). 


will be facilitated on subsequent learning (416), so it is necessary 
that S be prevented from rehearsing. 

Now, to turn back to Kientzle’s study. During the rest intervals 
between trials in learning to print the alphabet backwards, “Ss 
were not to look at their papers and not to think or talk about the 
task. So far as E could detect, these instructions were followed” 
(196, p. 190). In a special group of Ss (not included in the table), 
E gave 60 seconds between trials and had Ss make tallies and 
crossbars throughout this interval. For this group, then, the inter- 
val was occupied. Let us compare the performance of this group 
with the performance of the 60-second group in which the interval 
was not formally occupied (Fig. 68). We see that the group 
with the interval unfilled did consistently better than the group 
which filled the interval by making tallies and crossbars, although 
the peo ubs arg large (54 and 55 for filled and unfilled groups, 
respectively), and are about equal in performance on the first 
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trial. By the tenth trial the difference between the two groups is 
such that it could be expected by chance only once in fifty times 
if the true difference were zero. How do we account for this 


difference? r 
Several alternative hypotheses present themselves as explanations 


of the difference between the two groups. (1) The task selected 


to fill the interval interfered with the printing of the inverted 


alphabet. Such an interference might be in terms of actual move- 


ht be in terms of accumulation of fatigue. (2) Ss 


ments or mig 
may have been practicing the alphabet in some fashion when the 


interval was not filled. This would tend to enhance performance 
and. there is independent evidence that Ss may symbolically 
rehearse even a highly motor task (307). (3) There is no true 
difference between the groups. Even though the curves are con- 
sistent throughout their course, it is still conceivable that slight 
differences in the groups at the start represent true differences, 
although this is not a probable state of affairs. From the data as 
iven there is no way of selecting which is the correct hypothesis, 
although the first, the effect of interference, seems most likely. 
The point to. stress is that how we fill the rest interval is important 
in distributed practice studies if we are to get an unbiased estimate of the 
influence of distribution of trials as such. It should be clear that the 
results for these two groups do not negate Kientzle’s general 
findings, since the differences between the other groups are too 


great to be accounted for by the rehearsal hypothesis as proposed 


above. 

Motor task. No available evidence contradicts the general 
principle that some form of distribution facilitates performance on 
a motor task. One study of the pursuit rotor will show method 


and results. 
Hilgard and Smith (154) kept the practice period constant for 
three groups of Ss, but varied the number of trials given during 


the period. All practice trials were 1 minute in length, and all 
tial trials with 1-minute rest intervening. 


groups were given two ini 
distinguished by the 


From the third trial onward the groups were 
amount of rest between trials as follows: 


Group A: 5 additional trials with 3-minute rest between trials 
10 additional trials with 1-minute rest between trials 


Group B: 
Group C: 15 additional trials with 20 seconds rest between trials 
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All groups were given a final trial 1 minute after their last a 
above. Counting the first two trials given all groups, the tota 
:xperimental period , for each group ` was twenty-five anes: 
Group A was given relatively distributed practice as compare 
with Group C, and Group B was intermediate. 
The pursuit rotor was wired so that during a 60-second trial 
a maximum score of 600 could be made; that is, if S succeeded in 
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Fia. 69. Massing and distribution of trials in pursuit-rotor learning. Data from 
Hilgard and Smith (154). 


constantly holding the stylus on the target, he would score 600. 
Each group was given four experimental periods exactly as out- 
lined above, and the scores made on the first and last trials for the 
periods are shown in Fig. 69. It must be kept in mind that the 
last trial of a day for Group A was actually the 8th trial; for 
Group B it was the 13th trial, and for Group C, the 18th trial. 
Figure 69 shows that the three groups performed almost equally 
well throughout the four days. By the end of the fourth day 
Group A, which had had a total of only 32 trials, was doing almost 
as well as Group C which had had 72 trials. In short, the fewer 
trials within the constant length practice period resulted in nearly 


as much learning as the greater number of trials for the same 
period, 
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Further problems are associated with massed and distributed 
practice, problems which concern the optimum point in learning 
for introducing a single rest interval and the optimum length of 
rest interval at various stages of learning. For our purposes, let 
us keep in mind the general finding that distributed practice is 
superior to massed practice, and that how much better distributed 
training is than massed depends upon three general manipulable 
variables: 

1. Relative and absolute amounts of work and rest—the work- 

rest ratio 

2. Locus of the rest period or periods 

3. Type of material or task used 

Theory. Most theories attempting to explain the facilitation of 
distributed training over massed training have as their bases the 
postulated opposition of two kinds of processes, one inhibitory 
and the other excitatory, with differences in the rate of dissipa- 
tion of the processes related to passage of time. It is, then, based 
on the same premises as the theory of distributed practice dis- 
cussed in the previous chapter. The essential idea is that rest 
intervals allow for the dissipation of inhibitory processes, thus 
leaving the positive tendencies stronger. Actually, the data do 
not appear to be explained by such a simply stated theory, and 
recent trends are toward more complicated theories, although even 
these are based on the essential idea of the opposition of the basic 


processes. 


Type of Material 

Three specific variables determine how the type of material 
affects rate of learning. They are: (1) intra-task similarity, (2) 
meaningfulness, and (3) affective characteristics. 

Intra-task similarity. Although this variable has received 
little experimental attention, it is probably an extremely important 
one in determining rate of learning. It might be stated in terms of 
degree of homogeneity or heterogeneity of the items or units of 
a task, but to make the analysis consistent with our previous 
discussion of transfer of training, we should retain the concept of 
similarity as the stimulus variable in question. It is believed that 
the similarity factors among the items within a list, or movements 
in a task, operate in the same manner to produce negative transfer 
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as does similarity between lists. Within limits, the greater the similarity 
among parts of a task, the greater is’ the negative transfer within the task, 
is the learning. 

a ae ere paired-associate lists constructed with figural 
designs as stimuli and nonsense syllables as responses. These 
materials were the same as those used in her study reported in 
Chapter IX. Each list consisted of 12 pairs. One list was constructed 
with stimulus forms quite dissimilar, and three others with highly 
similar stimulus forms. Similarity was achieved by taking four of 
the stimulus items of the dissimilar list in combination with two 
highly similar forms for each. Thus, each of the three similar lists 
consisted of four sets of forms, each set highly similar within itself. 
In considering the results we shall evaluate performance on the 
dissimilar list as compared with mean performance on the three 
similar lists combined. 

A different group of Ss was used for each condition, and the 
criterion of learning was one perfect recitation. The dissimilar list 
required a mean of 8.86 trials to learn, whereas the similar lists 


required a mean of 19.81 trials—over fwice as many as did the dis- 
similar list. 


Gibson interprets her results in terms of intra-list generalization. 


The stimuli of the similar lists tend to generalize with each other 
and evoke many wrong responses—responses which actually should 
be associated with other stimuli (response generalization was 
probably at a minimum). In learning the dissimilar list Ss made an 
average of about three errors during learning, whereas in learning 
a highly similar list an average of about 18 errors occurred. Clearly; 
there was a great deal of interaction of the stimulus members of 
the similar list. 

The errors which occur in Gibson’s experiment constitute the 


basic empirical evidence for generalizii 


ng tendencies. When an 
item evokes a response which is wrong, and when it can be seen 


that the wrong response is actually the correct one for a stimulus 
item which is highly similar to the one which elicited it, the 
evidence for generalization is apparent. If we plot errors through- 
out the course of learning, it can be shown that their frequency 
increases to a maximum at about one-third of the way to mastery 
and then gradually decreases. Gibson’s error curve shows this 
trend as have other curves using different types of material (329). 


SS 
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We conclude that slower learning occurs with lists of similar 
items because generalization is high. In order for learning to 
occur, the generalizing tendencies must be reduced by differential 
reinforcement in the manner previously discussed. Lists of low 
similarity required much less of this differentiation. 

The work on code learning during the war has given additional 
information concerning the importance of intra-task similarity. 
Studies by Keller and his students (189, 190) will illustrate these 
findings. There are 36 characters in the International Morse Code, 
26 for the letters of the alphabet and 10 for numbers zero through 
nine. The 36 characters were learned by presenting the tele- 
graphic signals for them over and over, with S attempting to 
identify the characters. Immediate correction of errors was made 
by E and the order of presentation varied in random fashion from 
trial to trial. The 36 characters were then divided into four groups 
depending on difficulty encountered during learning. It was 
shown that difficulty of the four groups was directly related to 
the number of errors made during learning. That is, characters 
which were difficult to learn tended to be substituted for each 
other during learning, whereas the group of characters which 
was learned rapidly produced few such errors. These findings 
suggest that intra-group generalization is producing the differences 
in difficulty. 

Plotkin (292) went further to show specifically the relationship 
f symbol groups and difficulty in learning. 
This was accomplished by scaling similarity of characters first, 
and then making up lists of different degrees of similarity while 
holding constant individual item difficulty as such. His results 
clearly show that as similarity among items in a list increases, the 


between similarity © 


time to master the symbols in a list increases; generalization 
increases the interference. 

The concept of generalization has also been used by Phillip 
and Peixotto (291) to explain the errors they observed in paired- 
associate learning of nonsense syllables. Cofer (61), after analyzing 
the errors made in memorizing prose passages, suggests that inter- 
ference brought about by certain similarity factors will probably 
account for most of the errors. Thus, intra-task negative transfer 
may be interpreted in much the same way as inter-task negative 


transfer. We could, of course, by the use of similarity 
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relationships within a task, make our conditions such that intra- 
task transfer would be positive in nature. . 

Meaningfulness. Like intra-task similarity, meaningfulness is a 
very important variable in determining the rate at which learning 
takes place although, again, the amount of experimental work on 
the variable is meager. Meaningfulness for verbal units may be 
defined operationally in two ways: , 

1. It may be the number of associations which a word elicits in 
a limited period of time. Thus E presents a word as a stimulus 
and asks S to write or name all other words or ideas of which 
this word makes him think. The greater the number of associations 
elicited the greater is the meaningfulness. 

2. It may be the per cent of Ss who give an association (word 
or idea) within a limited period of time. The greater the number 
of Ss who can give an association the greater is the meaningfulness. 

Published lists of nonsense syllables (112, 164, 206, 417) are 
reported in terms of association value which is determined by the 
per cent of Ss giving an association within a limited period of 
time. Thus, syllables which have an association value of 100 per 
cent indicate that all Ss reported an association or idea within the 


time limit allowed. Let us take a few illustrations from Glaze’s 
list (112): 


I00 per cent 53 per cent 0.0 per cent 
DOB BOZ DAX 
PIL KER ZYD 
SYN LYB XUC 
POK WOB JIG: 
HOS QAT WUH 


You will probably agree with the Ss from whose responses these 
values were derived that the 100 per cent association value syllables 
quickly suggest other words or ideas, whereas the 0.0 per cent 
syllables are much less Suggestive. Actually, because of cultural 
changes, meaningfulness values of syllables should probably be 
checked or re-computed from time to time. For example, in Glaze’s 
list (compiled in 1928) the syllable DUZ appears with 
tion value of 47 per cent. Very likely the value of th 
100 per cent among current college students, 

The relationship between meaningfulness and rate of learning 
has been determined by the use of nonsense syllables of different 


an associa- 
is syllable is 
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degrees of association value. In so far as the work which has been 
done is concerned, the data are unequivocal; the greater the degree 
of meaningfulness the more rapid is the learning. Briefly, let us look 
at the results obtained by McGeoch (231) on this problem. 

By the method of complete presentation, 98 Ss were presented 
four lists of ten items each. One list was made up of three-letter 
words, another of 100 per cent association value syllables, another 
53 per cent, and a fourth, of 0.0 per cent syllables. Each S learned 
all four lists a form of systematic randomization being used to 
balance practice effects. Rather than learning to a criterion, each 
S was asked to recall as many of the words of a given list as pos- 
sible after having studied the list for a given interval of time. 
The results are shown in Table 26 in terms of mean number 
correctly recalled after a constant study period for each kind of 
list. There is a direct relationship between meaningfulness and 


amount learned. 


TABLE 26 
LEARNING As A FUNCTION OF MEANINGFULNESS 
Nature of Material Mean Number Items Recalled 
0.0% syllables 5.09 
53.0% syllables 6.41 


100.0% syllables 7.35 
3-letter words 


Data from McGeoch (231). 


Meaningfulness as a determinant of rate of learning probably 
gains its status as a consequence of positive transfer. It is the same 
characteristic as implied by the term familiarity. Meaningful 
material allows S to draw on a vast store of existing familiar associa- 
tions, in order to facilitate learning. The mechanics by which this 
associative process takes place are quite obscure. In certain situa- 
tions it appears that a process of mediate association takes place 
(Chapter XI). In others it seems to be a form of generalization. 
Thus, if S has to learn to say MON when he sees BAL, he may 
knowingly generalize to think of BALI—diaMOWN4d. Such associa- 
tions are often reported by Ss although it is very difficult to get 
systematic data on them. All that we know is that material which 
is barren of associative connections will be learned less rapidly 
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than material rich in associative value. We can, of course, devise 
situations in which previous associations interfere with new learning, 
but as we have seen in the chapter on transfer of training, these 
situations are restricted in scope. : 

The practical value of meaningfulness in the teaching situation 
is widely recognized. Frequently, in introducing new concepts, 
a teacher will attempt to orient the student to the new concept 
by indicating its relationship to known concepts. Descriptively, 
such a student is provided something to which he may tie the new 
concept. 

Affectivity. In the chapters on the discriminal processes we 
studied illustrative experiments in which Ss scaled words for 
affective value. It was noted that many words had rather universally 
unpleasant connotations, and many other words had rather 
universally pleasant connotations. Unpleasant words tend to evoke 
avoidance responses; pleasant words, approach responses. Words 
with neutral affective tone evoked neither approach nor avoidance 
responses. The question we ask now is whether or not affectivity 
is related to the speed of learning. 

Unfortunately, this question cannot be answered. Various 
studies have produced contradictory results apparently for the 
reason that dimensions other than affectivity have been inade- 
quately controlled. Let us outline the steps necessary to determine 
adequately the influence of affectivity on rate of learning. 

1. Scaling of words for affectivity. Ss must be clearly informed 
as to what is meant by affectivity, 
should include scaling of the same w 
to determine if affectivity is an i 
example, 


and the scaling procedure 
ords along other dimensions 


step. From this scaling w 


sions of affectivity, meaningfulness, 


and h i 
barely possible that meaningfulness j ae ee cen 


tself may be systematically 
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related to affectivity (or vice-versa) in which case we would not 
have evidence for an independent dimension. 

2. The second step involves the construction of word lists of 
varying degrees of affectivity; all other dimensions by which the words 
vary are held constant. Thus, meaningfulness would be constant 
for all lists while affectivity varied. The affectivity ratings of 
the words used must have high reliability—must be unambiguous 
in affective value. At the same time we would hold constant 
for all lists the factors introduced by making lists from individually 
scaled items. The important variable to control in this instance 
is intra-list similarity, which we have seen profoundly influences 
rate of learning. Consequently, when a list is constructed, the 
degree of intra-list similarity must be constant for all lists. The 
ways in which similarity may vary were referred to in the 
chapter on transfer of training. Synonymity, homonymity, 
antonymity, formal similarity in terms of prefixes, suffixes, and 
so forth, must be constant for all lists. We repeat: only affectivity 
must vary. 

3. With these laborious but necessary preliminary steps com- 
pleted, the word lists may be presented to Ss in a learning experi- 
ment. The sample of Ss used in the experiment should be drawn 
from the same population as was the sample used to scale the 
affective tone of the words. Affectivity would certainly be expected 
to be determined culturally, and different groups may have 
different affective responses to the same stimuli. 

Until such procedural steps are followed, the results regarding 
affectivity and rate of learning will remain ambiguous. 

In the discussion of the three variables in this section our illustra- 
tions have been necessarily studies of verbal learning, since we 
ts on motor learning in which these variables 
have been manipulated. We can conceive of motor tasks in which 
similarity among movements may be varied, and it is likely that 
the intra-task interference effects would be much the same as 
those with verbal material. It does not seem possible at present to 
define and vary meaningfulness for motor tasks. The same is true 


concerning affectivity. 

In addition to the three 
others along which material 
involvement, for example, may 


have no experimen 


dimensions discussed, there may be 
may vary. The degree of motor 
be a variable; the amount of 
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di of the correct response required by the task may be 

nother. H wever, the three considered are the only ones of 
ae e hich have had experimental attention. Meaningfulness 
bee similarity are extremely critical variables; affectivity 
is mae variable. An understanding of experimental problems 
cre lar in investigating affectivity is fundamental since these 


problems are common to all studies in which type of material is 
to be varied. 


Knowledge of Performance 


i was off” than if he 
were not told this, 
We shall exam: 


ine three experiments in which this variable has 
been studied. 


taneously, 
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the task as a whole was rather difficult. Scoring was in terms of 
mean time on target for eight “runs” of the plane across the 
screen, the scoring being independent for tracking and ranging. 
Each session consisted of 64 runs. 

One group of 20 Ss practiced six days on this task without 
receiving any information as to the adequacy of their responses 
except in so far as they could inform themselves. This information 
was probably quite complete in the case of tracking, and quite 


—— Without Knowledge 


With Knowledge 


Practice Periods 


Fro. 70. The effect of knowledge of performance on the operation of a gun 
sight (344). 


incomplete in the case of ranging. Another group of Ss also practiced 
six days, but from the second through the fifth days a red filter 
dropped in front of the projector beam whenever S was both 
tracking and ranging correctly. Thus, the Ss in this group were 
given a definite “statement” of when they were right and ies 
they were wrong; when the plane image was red, they were “right, 
when it was not red, they were “wrong.” Knowledge of performance 
was immediate and unambiguous. ; d 

The mean performance of each group for the six days is shown 
in Fig. 70. There is little difference in the tracking scores of the 
two groups. For ranging, however, the results are quite different 
in that knowledge of performance enhanced scores a great deal. 
We may note also that the scores for the group given informa- 
tion dropped sharply on the sixth day when the information was 
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withheld. Clearly, performance was directly related to knowledge 
of that performance which S obtained. ; ; 

Degree of knowledge of performance. The experiment with 
the gun sight was such as to give complete knowledge or no 
knowledge. We would predict that the more precise the knowledge 
of performance the faster is the learning. Such an expectation 
is verified in an experiment by Trowbridge and Cason (389). 
Ss, while blindfolded, were instructed to draw three-inch lines. 
One group of Ss was told nothing after drawing each line ; papmen 
group was told “wrong” if its errors were large, and “right” if 
its errors were small, and a third group was told exactly how 
much and in what direction it erred. Accuracy of drawing was 
directly related to amount of knowledge given. 

Industrial training. New employees in most industrial jobs of 
course require some training before they are considered competent. 
Lindahl (221) has studied the effect of knowledge: of performance 
in the industrial training programs for disc cutters. 

Disc cutting in this particular plant involved a rather precise 
coördination of the hands and one foot. The discs, cut from 
tungsten rods, were very thin pieces to be used in electrical ap- 
paratus. The wheel which cut the discs from the rods was .o15 
inch thick, and was not visible to the operator during the actual 
cutting. The right foot controlled the cutting wheel; 
the correct foot pressure to be applied at various poin 
cutting sequence was the most difficult part of the task. One hand 
was used to insert and hold the tungsten rod, and the other hand 
to manipulate a lever which ejected the discs after cutting. 

Lindahl attached a device to the cutting machine to record the 
exact foot movements made b 


samples of movements from 


learning 
ts in the 
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was able to watch closely how his pattern of movement improved 
with respect to the correct movement pattern. 

The effectiveness of the knowledge of performance given the 
trainees was determined by comparing the performance of the 
trainees with the performance of (1) veteran operators who had 
picked up the skill in a “hit and miss” fashion, and with the per- 
formance of (2) five new operators who were learning the skill 
by the “hit and miss” method. These comparisons were admittedly 
crude since the number of cases in the various groups was small 
and there was no way of knowing whether or not these small 
groups were of equal “natural” ability before training. The train- 
ing program lasted 12 weeks. In terms of number of discs cut the 
effect of the training program was negligible. However, in terms 
of number of discs cut per wheel, and in terms of number of 
wheels broken, the training had a clear-cut effect. The trained 
group broke fewer wheels and obtained more cuts per wheel 


than did the formally untrained groups. Since these wheels were 


expensive, a knowledge of performance training method had high 


practical significance. 
How do we account for the consistent finding that knowledge 


of performance enhances that performance? There are at least 
two ways by which this variable is believed to increase the rate 
of learning. First, $ is given information concerning the incorrect- 
ness of his responses. Without’ this information, he may continue 
to repeat these incorrect responses. Knowing which responses are 
incorrect, however, 5 will change his behavior in an attempt to 
discover the correct ones. Thus, we may say that knowledge of in- 
correct responses increases the speed with which the correct response 
is discovered. Secondly, the knowledge of performance probably 


increases or at least maintains motivation. 


Miscellaneous Variables 


In this section we > al 
variables.* The brevity ° trea i 
(1) few methodological problems are pres 


s of all variables are 


i Ba i d with 
* The most comprehensive suy o). There are many studies concerned w 
(233), Kingsley (198), and Stroud (370) kind of material. Since the conditions 
“Best” method of presenting a Pei he results do not have gener 


aterial, t 
manipulated are often specific to the m R 
significance. 


l attention briefly to a few additional 
tment is justified for three reasons: 
ent in experimentation 


given by McGeoch 
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on these variables; (2) some of them are relatively ineffective 
variables in that they do not markedly influence the rate of learn- 
ing, or (3) currently, very little research is being done on them. 
Whole vs. part learning. If a task may be divided into discrete 
parts, it is pertinent to ask whether learning each part as a unit 
before putting the parts together will yield faster or slower learn- 
ing than practicing on the whole from the outset. Thus, if we 
Rave a 10-stanza poem to memorize, will it be better to master 
each stanza separately before trying to recite the entire poem or 
better to attempt learning the poem as a whole from the begin- 
ning? There can be several variations on the pure whole method 
and the pure part method. For example, perhaps two stanzas of 
the poem might be considered a part; perhaps we might learn 


stanza one and stanza two and then try reciting them together 
before moving on to the third, 


For ten years there has b 
stagnation of research on a probl: 


em usually indi 
eae ethene a ally indicates that (1) no 


e answers to questions are known: 


tively minor Variabl 
Ctive recitati 
on, i i 
€call or rehearse ans ee me fo ow jeans 
‘at they have studied, learning will be more 


e. 
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rapid than if such active recall attempts are not made. Several 
early studies have shown this. The influence of active recitation 
is probably motivational in nature, especially if the recall attempts 
allow knowledge of progress. In the experimental investigation 
of this variable it is necessary that the time utilized in recitation 
be added to the study time and that the non-recitation group be 
allowed the sum of the two periods, In lieu of this, E must make 
allowances for differences in total time spent when he interprets 
the results. 

Sense modality. It is a reasonable question to ask whether Ss 
learn more rapidly when material is presented to the ear or to 
the eye. The superiority of one method over the other, when 
found, has not been great and seems to be largely a function of 
Ss’ previous experience. If one is accustomed to learn by auditory 
presentation (as is true for young children), more rapid learning 
may result than by visual presentation (198, 233). The typical 
finding, however, is illustrated by a recently published study (134) 
in which groups of 100 college. students were given material to 
learn by moving-picture presentation, by lectures, and by reading. 
None of the three methods proved superior to the others in terms 
of performance measures used. 

Amount of material. As the amount of material learned 
increases, the length of time to learn increases. This is as we would 
expect. However, as the number of units of material increases, 
the rate of learning per unit increases (233). Carrying this to its 
logical extreme we would expect that when the material becomes 
very lengthy, S will be unable to learn within a reasonable period 
of time. 


SPECIAL PHENOMENA OF SERIAL LEARNING 


Serial learning processes provide us with two related phenomena 
which in and of themselves have become topics of study. These 
Phenomena are (1) remote associations, and (2) the bowed serial- 
Position curve. 


Remote Associations 


In the usual serial learning experiment by the memory drum 
method, E writes down all responses made by S. It is noted that § 
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typically makes errors in which, let us say, the response which 
would have been correct if given at the seventh serial position is 
actually given at the fourth serial position. On the surface there 
appears to be nothing unusual about such occurrences; errors are 
common in all learning. These errors which occur in serial learn- 
ing have special significance, however, depending upon their 
nature. To schematize the serial learning situation and the kinds of 
errors which might occur, let A, B, C, D, E, etc., represent succes- 
sive serial items. The correct association in the series is A to B, B to 
C, and so on, as represented by the solid lines. If Stimulus B elicits 


A 
A 


f —> Adjacent forward (correct) association 


R ri i 
emote backward association | y 
eM i 
k i Remote forward association 
by 
ean wee va fst Le hi oe oe for a remote associa- 
would be evidence for a Pi - 4 ig epee 

Á A association in the backward 
direction. It is apparent that there can be forward remote and 
backward remote associations of several different degrees of re- 
moteness, depending on the length of the list. The forward remote 
association in the diagram has one degree of Temoteness; the 
backward association has two degrees of remoteness if we call an 
immediate backward association (D eliciting C) the zero degree 
of remoteness. 

Since errors of all degrees of remoteness, both forward and 
backward, have been observed, we have a rather complex situation 
in Serial learning wherein each item may be connected to every 
sn nl ap certain conditions each item might ae 
associations is mie nea ations Kie Epa 7 we skali 
see that remote A tag the errors which opam * vidence 
based on errors. lons may exist despite lack o! € 


Thre 

A 5 ieee been used to study these remote associa- 

ie Gerived-list method; (2) the error method; and (3) 
word-association method, 


ai 
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Derived-list method. This method was introduced by Ebbing- 
haus before the turn of the century. Ebbinghaus has published a 
vast array of data, all of which were derived from his own learning 
while acting as both S and Æ, yet so thorough and careful was he 
that his basic results have never been challenged. His measures 
(N) were the number of lists learned rather than number of Ss 
learning a single list as is now the typical procedure. 

Ebbinghaus used the derived-list method to demonstrate that 
remote associations actually exist. To simplify the explanation, 
let us take the case of a six-item list only, A, B, C, D, E, and F. 
Initially these items would be learned in the order given. Now, 
if he wanted to demonstrate the existence of remote forward 
associations of one degree remoteness, he would construct a 
second list in which the items were A, C, E, B, D, and F in order. 
In this derived list, items which had been one degree remote in 
the original list are now adjacent. According to Ebbinghaus’ 
reasoning, if associations of one degree remoteness had been set 
up during the learning of the original list, these associations should 
facilitate the learning of the derived list in which the remote items 
became contiguous (adjacent forward association). Or, in his 


words: 


If...in the first learning threads of association are spun not merely 
from each member to its immediate successor but also over intervening 
members to more distant syllables, there would exist, already formed, 
certain predispositions for the new series. The syllables now in succession 
have already been bound together secretly with threads of a certain 
strength. In the learning of such a series it will be revealed that noticeably 
less work is required than for the learning of an altogether new series 


(83, p. 96). 

The experimental work to test the hypothesis tends to confirm 
it, and to establish the principle that the greater the degree of 
remoteness the less is the saving in learning the derived list. 

The error method. This method is merely based upon an 
analysis of the errors which commonly occur in serial learning. 
E examines each error, determines how far it is out of place, 
whether it is a forward or backward error, and compiles total 
frequency of each type. In studying the effects of intra-list simi- 
larity we mentioned that the number of errors increased to a 
maximum at about one-third of the way through learning and 
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then decreased to zero if the learning was to a criterion of per- 
fection. Those who have-used the error method of studying remote 
associations have, it seems now, determined portions of this error 
curve. , 

Word-association method. In using this method £ requires S 
to learn a serial list to an arbitrary criterion of mastery and then 
presents the words to him one at a time, with instructions to give 
the first response which comes to mind. On the association test 
the words are commonly presented in a different order from that 
used during learning. In handling the results of the test E deter- 
mines frequency of associations of various degrees of remoteness 
based on the order of items during learning. 

The nature of remote associations. Let us summarize 
pertinent data concerning remote associations (415). 

1. Their frequency decreases as learning increases from moderate 
to a high degree. Since we assume that these associations did not 
exist before learning, the frequency must first increase and then 
decrease as degree of learning goes from low to high. 

2. The greatest frequency of remote associations occurs to stimuli 
from the middle portions of the lists and are responses from the 
middle portions of the list. 


3. The frequency of remote associations decreases as the degree 
of remoteness increases. 

It is by now clear that the question is not whether remote 
associations exist; the data show clearly that they do. The question 
is whether or not these associations represent associative bonds 
which have been formed across intervening items in a forward 
and backward direction. Several theories have been advanced to 
account for remote associations (233), but all of them are based 
on assumptions difficult to accept. The facts summarized above 
tend to support an interpretation which takes the same form as 
does the interpretation used to account for errors in many other 
situations: namely, generalization of stimuli. One of the difficulties 
confronting such an interpretation is the specification of the 
dimension along which such generalization takes place. The facts 
Sat Maia | indicate that the generalization cannot be 

be oe (aaa 
ees ace ae ie os agai 
lie in the serial position factor att ce ‘ eS capture om 
S ps words at the beginning 
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and the end of a list have a discriminative feature which those in 
the middle do not have. The center of the list may be considered 
more homogeneous than the ends. S is more likely to be confused 
by whether “this word” comes at the seventh or eighth position 
in a 12-item list than he is as to whether it comes at the first or 
second position. Any clear-cut interpretation of remote associations 
in terms of generalization must wait until independent evidence is 
obtained regarding differential generalization along a restricted 
serial position dimension. 


- 
o 


Mean Number of Failures 


“os n w 2 HT ON o 


a a ee TA I 
Serial Position 


The values are from 64 Ss learning 


Fic. 71. The bowed serial-position curve. ^; é A 
lists of 12 nonsense syllables by massed practice at a 2-sec. presentation rate. 


Data from Hovland (158). 


The Bowed Serial-Position Curve 

If we plot the mean number of failures for each successive word 
during mastery of a serial list, we discover the bowed serial-posi- 
y be used to determine which words 
ickly. The first few items in a list are learned 
few items are acquired next, and the 
slowest learning occurs with the item just past the middle of the 
series, as in the curve for a group of 64 Ss in Fig. 71. A very 
similar curve would be obtained if we plotted the trial on which 
the word in each position was first anticipated. The curve is 
sometimes drawn by showing the mean frequency of correct 


are learned most qu 
with greatest ease, the last 


28 
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response made at each position during learning. In such case the 
curve is inverted. 

The serial position curve is not limited to serial verbal learning. 
It occurs in finger maze learning to a certain extent, especially if 
S is given a set for speed. Recently, the curve has been reported 
in punchboard maze learning (185). There are also many incidental 
observations, such as memorizing bus stops, which support the 


generality of the curve. 
The impression that the bowed serial-position curve will not 


change with changed conditions must not be given. If the seventh 
item in a ten-item list is typed in red ink and all others in black, 
the seventh item will be learned more rapidly than either the sixth 
or eighth item, thus changing the shape of the curve (184). There 
is, of course, nothing magical about red ink—the same result would 
have been obtained had the seventh item been in black and all 
others in red. McGeoch (233) reports an unpublished study by 
McGurty in which ten-item lists of nonsense syllables were con- 
structed so that the formal similarity of the first and last three 
items was very high, and the middle four items quite dissimilar. 
Under these conditions the bow disappears and the items in the 
middle are learned almost as rapidly as the first and more rapidly 
than the last three items. 

Yet, in the normal course of learning serial tasks, the bowed 
curve is a very persistent phenomenon, and when the structure 
of the series is not markedly altered, it will usually be found. 
There are common sense arguments which might suggest that 
the bowed curve is an artifact of the situation. Rehearsing items 
between trials is often suggested as an explanation by students 
who come upon the curve for the first time, Yet learning in which 
rehearsing is prevented or in which there is no rest between trials 
only slightly alters the shape of the curve. 

The second argument which is usually advanced by students 
is that the first and last items are learned most readily because 
they are first and last. Such an explanation is not acceptable until 
it is shown by what means first and last gain a differential status 
and how such a status could: influence learning. 

As in the case with remote associations, there is no generally 
accepted account of mechanisms which produce the bowed serial- 
position curve. Very likely when one is explained both will be 
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explained, since the relationship between the two is seemingly 
clear. 


MAZE LEARNING 


A tremendous volume of data is available on maze learning, 
especially rat maze learning. In our discussion of variables in- 
fluencing rate of learning, we included maze studies as illustra- 
tions. In addition to the general principles which cut across 
multiple response learning as a whole, certain phenomena are 
largely peculiar to the maze situation as such. More correctly, 
perhaps, they are intrinsic to learning tasks which require loco- 
motion through space. Very briefly we shall consider these general 
phenomena for human and animal maze learning. 


Human Maze Learning 

Learning method. One of the outstanding facts of human 
maze learning is the lack of consistency among Ss concerning the 
methods used in learning a multiple-U or multiple-T finger or 
stylus maze (422). Maze learning is, after all, a task which does 
not have many counterparts in real life situations. Ss do not have 
much background experience to bring to the situation. After pre- 
liminary practice $ will usually hit upon a procedure which 
becomes his characteristic method. Husband’s work (176, 177, 178) 
has shown that a majority of Ss will discover the verbal method 
in which they memorize the turns in successive order as left, 
right, right, left, and so forth. Other Ss report that they use a 
more highly motor method in which the kinesthetic cues of dis- 
tance and “feel” play a predominant rôle. Still others report what 
has come to be known as the visual imagery type of learning in 
which $ translates the kinesthetic cues of distance and proportion 
into a visual image of the maze. There are in addition, combina- 
tions of the methods. 

The verbal method usually brings about the most rapid acquisi- 
tion.* A puzzling problem is why more Ss do not immediately 
use the verbal method, since most problems they met in school 
and clsewhere require solutions which are verbal in nature. The 


* In some class-room experiments conducted by the writer, Ss instructed to 
use the verbal method Jearned multiple-T finger mazes much more rapidly than 


did Ss left to their own devices. 
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spatial factor present in the maze may provide difference enough 
to prevent the immediate initiation of verbal solutions, although 
this is largely speculative at present. 

Orientation. Although it is difficult to get systematic data on 
the matter, we may be quite sure that the process of maze learn- 
ing involves spatial orientation which is roughly equivalent to S’s 
saying: “I know the end of the maze is in that direction.” We do 
not know how precise this orientation is nor how many errors 
can be attributed to S’s attempts to go directly toward the goal 
rather than in a circuitous route as the true path may actually be. 


Animal Maze Learning 


The goal-gradient. In human maze learning there is a tendency 
for the correct alleys near the beginning and end of the maze to 
be mastered more quickly than those in the middle. This order of 
acquisition is less clear in maze learning than in serial verbal 
learning but is usually found if the maze is constructed so that 
considerable homogeneity previals within the maze and if S is set 
for speed. In animal learning, this order of learning specific cor- 
rect responses is not typically found. Instead, a rat will eliminate 
the errors (entering blind alleys) nearest the food box first and 
then those successively in a backward direction so that the greatest 
number of errors are made in the blinds immediately outside 
the starting box. Thus, the elimination of the errors is in a back- 
ward direction. An explanation for this has been given by Hull 
(163), and the phenomenon has come to be known as the goal- 
gradient. The goal-gradient may be obscured and modified by 
other factors as recent work of Hull and his students has shown 
(e.g., 166, 366), but it does, nevertheless, stand as a fairly general 
principle of animal maze learning. 

Orientation. Part of what a rat learns in a maze appears to be 
an orientation toward the goal. It is as if, after a few trials, the 
animal learns that the goal box is “over there.” We do not need to 
say the rat learns that he has to go, north by northeast to get to 
the goal; there are probably many stimuli, both internal and 
external, which become conditioned to running toward the food 
box, thereby serving as orienting cues. 

There are controversial theories regarding the nature of orienta- 
tion and its importance for learning. In our chapter on theory 


MULTIPLE-RESPONSE LEARNING 427 


we shall return to the contentions, along with a more careful 
consideration of just what zs learned by a rat in the maze. 

Sense modalities. Attempts to determine the sensory modality 
used by rats in learning a maze have taken the form of eliminating 
certain modalities by minor operations. Honzik’s work (155) is 
an illustration. Various groups of rats had various sense modalities 
destroyed, that is, vision was destroyed in one group, audition in 
another, the sense of smell in-another, and various combinations 
of modalities in still other groups. In general, experiments of this 
kind show that some retardation in learning results from the 
destruction of any modality, and the greater the number of sense 
modalities destroyed the slower is the learning. 


CONCLUDING CONSIDERATIONS 


In conclusion we should point to a very difficult problem which 
arises if we wish to determine the conditions which bring about 
optimal learning efficiency for any given task for a defined popu- 
lation. We have seen how optimal learning efficiency may be 
determined for a single variable with other conditions held con- 
stant, But when we wish to consider optimal learning conditions 
for all variables combined the problem is quite complex, even for 
„a simple task. ae : 

The student who is primarily interested in the practical applica- 
tion of research results must be re-educated if he holds any delusion 
that by a few experiments the optimal conditions for learning 
a task can be determined. Learining efficiency may be increased 
by judicious application of principles derived from a few experi- 
ments, but a conclusion that maximum learning efficiency has 
been attained represents wishful thinking and far outruns proved 
fact. The optimal methods of presenting a learning task will be 
learned only by a long series of researches in which the interaction 
of very many variables is determined. 

During World War II a great deal of research work centered 
around attempts to improve methods of code learning. Quite a 
number of these analytical researches by Keller and his associates 
d in print although probably many others have not 
esearches show that much progress was 
code-learning effectiveness, but these Es 


are describe 
been published. These r 
made toward increasing 
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would surely be the first to suggest that the conditions of ‘maximal 
learning efficiency have not as yet been unearthed in spite of the 
series of systematic studies. So many variables and combinations 
of variables are possible that many more researches will be needed. 

When we keep in mind the multitude of serial or multiple- 
response tasks which are performed day after day by people in 
the process of earning a living, e.g., tasks such as typewriting, 
comptometer operating, typesetting, and assembly tasks, we can 
scarcely overestimate the need for research which will result in 
sound data leading toward a realization of optimal learning con- 
ditions. At present we can only caution ourselves against hasten- 
ing to a conclusion that bits of knowledge can be pieced together 


easily into a total pattern defining the conditions for optimal 
learning efficiency. 


SUMMARY 


1. In this chapter we have evaluated experimental methods and 
results in learning tasks which require the integration of a series 
of responses to a series of stimuli. It is this form of learning by 
which many skills required by formal education are acquired. 

2. Typical laboratory tasks were described which fall along a 
dimension of degree of motor involvement. This dimension ex- 
tended from verbal learning, representing low motor involvement, 
to pursuit rotor learning, representing high motor involvement. 

3. In the discussion of response measurements we were con- 
cerned largely with trials-to-criteria method of plotting curves. 

4. Variables influencing rate of learning were as follows: 

a. Massed vs, distributed training 
b. Type of material 

(1) Intra-task similarity 

(2) Meaningfulness 

(3) Affectivity 


¢. Knowledge of performance 
d. Miscellaneous 


_ 5. Two special phenomena of serial learning, remote associa- 
tions and the bowed serial-position curve, were reviewed. 

6. A very brief analysis of maze learning was included. 

7. Finally, we considered the problems associated with deter- 
mining conditions which bring about optimal learning efficiency. 


CHAPTER XIII. 
Learning III — Thinking 
ee ee a 


INTRODUCTION 


Other titles might well have been given to this chapter, such 
as Reasoning, Problem Solving, or Creative Thinking. A procedure 
which one psychologist may say demonstrates thinking may 
be said by another to demonstrate reasoning; still another may 
Say it should be called problem solving. We need not be too 
concerned about the label as long as we indicate the descriptive 
relationships between the material included under these various 
terms and the material covered in the two previous chapters. Few 
will fail to recognize that the present chapter covers the chief 
area of behavior by which man traditionally sets himself apart 
from other animals. For surely, here are the skills with which 
airplanes are designed, sonnets are written, and atoms harnessed. 
Here indeed, some may say, should be the starting and stopping 
Point of psychological investigation. The records of rats jumping 
up and down on a lever, or a finger pushing its way along a maze 
may pale into insignificance before the contemplation of the 
behavior which rears the achievements defining the advance of 
Civilization, But, let us get along with the analysis and forget the 
chest-thumping. : 

Descriptive characteristics of thinking. Over-all, we have 
been using the descriptive dimension complexity of task to systematize 


our study of learning. In the conditioned response situation it was 
found ‘hat a single response became associated with a rather 


discrete stimulus; the multiple response situation required that S 
integrate a series of responses to a series of stimuli. The thinking 


Situation is still more complex in that S is required to determine 
the relationships among various stimuli and the “correct” re- 
Sponse is usually forthcoming only when these relationships have 
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been perceived. This description does not, of course, place think- 
ing at a discrete point on the dimension. We shall find that tasks 
which have been used to study thinking form a “band” or “zone” 
along the dimension of complexity, the lower portion of the band 
shading into multiple response learning. f 
The diversity of the tasks which have been used in studying 
thinking makes complete description in terms of a single dimen- 
sion rather difficult, We should identify other characteristics 
which are sometimes needed to demonstrate the relationships 


between thinking and the learning situations discussed in previous 


chapters. 

1. The thinking situation places great emphasis on the discovery 
of the correct response. The “search” (182) is an integral part 
of thinking behavior. In terms of discovery or search, thinking is 
much like Conditioning Procedure II (Skinner-box), but is quite 
unlike rote learning in which discovery of the correct response 
is at a minimum. Although the discovery process may be facilitated 
because S eliminates certain possible responses by “logical”? con- 
siderations, we should recognize that logical procedures are in 
themselves a subject of study. 

2. In multiple-response and conditioned-response learning situa- 
tions the fixation process is basic, whereas in some thinking situations 
it is of secondary importance. The correct response in some thinking 
situations is a single unitary principle, and once it is discovered 
learning may be fairly complete. 

3- The thinking situation places heavy emphasis on symbolic 
representation and manipulation. Overt behavior is at a minimum, 
and when present is at best only a way of testing or verifying the 
validity of symbolic manipulation. 

It will probably be clear that these descriptions are simplified 
and quite crude. Unfortunately, no psychologist has attempted 
a systematic scaling of tasks along such descriptive dimensions. 
Yet, if we can perceive various relationships among tasks and 
processes needed to learn these tasks, it may prevent us from 
hastily concluding that conditioning is one “type” of learning, 
multiple-response another, and thinking still a third. The point 
of view advanced here is that the terms (conditioning, multiple- 
response learning, thinking) simply refer to modal points of 
laboratory operations and may be relatively inconsequential in 
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the formulation of basic principles of learning. We do not assume 
that there are different kinds of learning; the relationships among 
all tasks used to study learning are too apparent to admit such a 
distinction at this time. It is a matter for the future to produce 
the evidence requiring abandonment of this position and establish- 
ing the fact that certain distinctions are necessary. Later we shall 
point out that some psychologists hold an opposite point of view 
and insist that there is warrant for making those distinctions now. 

Status of research-on thinking. Upon the completion of this 
chapter we shall realize that, compared with other areas of learn- 
ing, the experimental study of thinking is somewhat retarded. 
Sound empirical facts concerning thinking are relatively few in 
number. The experimental method has been used only haphazardly 
in studying thinking, and there has been little continuity in the 
tasks from experiment to experiment. We shall find that when 
we attempt to draw up a list of variables which cause the rate 
or efficiency of thinking to vary, some improvisation will be re- 
quired. Probably the most telling revelation of the current status 
of research on thinking is the fact that during the last five years 
less than a score of truly experimental studies have been published 
in standard journals. Indeed, if we were to allot space in this book 
on the basis of frequency of recent research on a topic, we should 
relegate thinking to a few pages tacked on to some other chapter. 
However, in the belief that thinking is a topic to which experi- 
mental psychology can and must contribute, we shall attempt to 
treat the topic in much the same fashion as the previous two topics 
on learning. 

We may ask why research on thinking is retarded. There are 
probably several reasons. 

1. It appears that many psychologists have felt that the process 
of thinking, being covert in nature, is somewhat beyond the 
reach of the experimental methods which we have discussed thus 
far, According to this point of view, thinking takes place in a 
closed system and can be reached only by a form of introspection. 
In applying the introspective method to thinking, S is given a 
Problem and while attempting solution, or after arriving at a 
Solution, he describes the conscious content of his experience, he 
reports all thoughts, ideas, reasons for doing this, for doing that, 
and so forth. This, be it noted, is not the precise and sophisticated 
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form of introspection used in the early years of psychology to 

i more purely sensory experiences. 
pe coe ti to ie psychology of thinking has little defense 
if it be the central aim of an investigation. Experimentation 
concerning thinking can and should be carried on primarily in 
exactly the same fashion as experimentation on animals. A rat 
does not sit down at the end of a maze and explain to Æ how it 
happened to take the right path instead of the left path. „No ‘one 
is forced to adopt introspection as his primary method of investiga- 
tion just because the processes needing investigation appear covert. 
While careful introspective reports will yield some valuable data 
and while introspection constitutes a perfectly valid method 
of research, there is no reason why the usual experimental methods 
cannot be applied to the study of thinking; that is, we may syste- 
matically vary the stimulus conditions and observe the response 
changes. The fact that we do know more about how a rat solves 
a maze than we do about how a student solves a geometry 
problem only adds to the confidence with which we may attempt 
to apply straightforward experimental methods to the processes of 
thinking. 

2. The failure to get on with the experimental study of think- 
ing may also reflect the procedural bias of many psychologists 
who prefer to start at the simpler level of behavior and work 
toward the more complex. According to them we are not yet 
ready to study thought processes. As the simpler situations become 
more thoroughly analyzed, perhaps research workers will finally 
turn their attention to the complex situations. 

3. A third explanation for the status of rescarch on thinking 


has been indicated by Heidbreder (145) when she suggests that 
in most cases there has been a failure to ask effective questions 
about the thought processes. By effective questions she means 
those which are provoked by a theory, 
may be added, usually refer to the relatio: 
able environmental condition 
Plan of chapter. Response measures uscd for assessing per- 
formance on thinking tasks are usually time to solve, trials to solve, 
or errors made. They are handled in much the same way as the 


response measures of multiple-response learning, so we shall not 
need to discuss them Separately. 


and those questions, it 
nships between manipul- 
s and changes in performance. 
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The remainder of the chapter is divided into three general 
sections: 


1. Problems illustrating thinking 
2. Variables influencing rate of thinking 
3. Miscellaneous problems 


PROBLEMS ILLUSTRATING THINKING 


Although we do not have thinking problems which may right- 
fully be called standardized laboratory tasks, in the sense that we 
call Skinner-boxes and nonsense syllables standardized, we should 
outline the general nature of the area of thinking by discussing 
briefly certain tasks which have been used. 

Rational learning. Rational learning problems have not been 
used in many experiments during recent years. Yet we shall discuss 
the procedure in detail because it typifies the least complex of 
thinking tasks, and therefore will give us an anchor point for 
evaluating the more complex tasks. Rational learning provides a 
ready transition from multiple-response learning to thinking. 
Peterson’s problem (290) is probably the best known. Typically, 
ten letters, A, B. . .J are paired with numbers one through ten in a 
random fashion, S is told that each letter has a number from one 
to ten assigned to it and that no number is assigned more than 
Once. S’s task is to discover and remember the number which 
ea with each letter, so that when a Ei are as a stimulus 

e can give number assigned to 1t. , 

When E r ea letter, A, on the first trial, S's ape 
are pure guesses from among the ten responses available. fter 
each guess Æ reports “right” or “wrong” and S continues pina 
until he arrives at the correct number for A. E then presents 
as the second stimulus. Now note, that for stimulus B pinnus 
of possible correct responses has been reduced by one, since the 
Correct n nnot be correc 4 : b 
four had ben eet for A it would be “irrational i s 
to guess four for B or for any other letter. For each ee > z 
then, aihe number of possible correct responses is re y 
one. To the last stimulus, J, there can be only one ae a me 
the response, and if $ remembers all the correct responses tor “8 
Previous nine letters he should get the correct response to J on the 
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the rival method. The one perfectly clear finding, however, is 
that early in the learning of a puzzle problem the massing of 
training results in more rapid learning than does distribution of 
training. 

In a series of experiments Garrett (103) used one task which 
might be considered as belonging in the field of thinking. $ was 
told to construct an artificial language, using a series of words 
and a series of rules about those words. The rules indicated how 
to change nouns from singular to plural, how to indicate past 
tense, and so forth. These rules, of course, were new ones in the 
sense that they were not the rules by which our own or any other 
existing language is written. After providing illustrations of the 
proper use of the artificial language, E gave S 12 sentences which 
were to be translated into the artificial language. Massed practice 
consisted of translation periods following each other immediately, 

_and distributed practice was defined by one translation period 
every 3 days. The practice periods in one experiment were 2 
minutes in length and in another 4 minutes. 

The results tended to favor massing of practice in terms of 
amount of gain made from one practice period to the next, al- 
though the differences between performance under massing and 
distribution were not great. A pertinent fact is, however, that 
in two other conditions Garrett used simpler tasks and the results 
tended to show that distribution produced the most efficient 
learning—the same as the typical finding discussed in previous 
chapters. 

An experiment by Erickson (go) utilized a puzzle, the nature 
of which need not concern us, except to say that solving it pro- 
vided a difficult task. The distributed practice group was given 
5 minutes of practice every 48 hours, and the massed group, only 
one period of practice, until an arbitrary criterion of solution 
speed was attained. In terms of trials or time to reach the speed 
criterion, the performance of the massed group was much ac- 
celerated over the performance of the distributed practice group, 
being 63 per cent superior in terms of trials and 44 per cent in 
terms of errors. . 

The results of these three experiments agree very well; with 
these complex learning tasks in which S must grasp and retain 
relationships among various stimuli in order to respond 
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appropriately to those stimuli, distribution of practice is not 
superior, and there is clear-cut evidence in two of the three studies 
that massing is superior at certain stages of learning. 

Let us note, however, that limitations must be placed on any 
generalization concerning massed and distributed practice in 
thinking. In no instance did Æ explore a dimension of degree of 
distribution. The smallest interval of distribution was 24 hours and 
the interval between massed trials was a few seconds. It is still 
quite possible that, let us say, an hour between trials, would bring 
more rapid learning than would 5 seconds between trials, In 
short, our generalization on the influence of massing and distribu- 
tion on thinking is quite restricted. The degree of distribution 
(with various length work periods) has not been adequately 
explored. 


Type of Material 


From our own experiences we recognize that problems involv- 
ing thinking vary in difficulty. It is the purpose of this section 
rial which produce 


to attempt to identify characteristics of mate: i 1 
differences in difficulty and therefore differences in rate of think- 
ing. Unfortunately we do not have a great deal of data with which 
to work. Very few experiments have been concerned directly with 
this problem and most of them are experiments in concept forma- 
tion. Consequently, any generalizations at which we may arrive 
must be considered to be quite tentative. s . f 

We may identify three variations of material which influence 
the rate of thinking: (1) length of task, (2) nature of concepts, 


and (3) intra-task similarity. y 

Length of task. The length of a given task and difficulty of 
learning are, of course, positively correlated. We will consider 
briefly two studies which investigate this relationship. 

1. Puzzle Solving. The disc transfer (or pyramid) puzzle, was 
used in a study by Cook (67) to show the relationship between 
length of task and difficulty. The pyramid puzzle in simple form 
consists of three “stations” which we may call A, B, and C. E 
Places two discs at A, the smaller on top of the larger. s is in- 
structed to move the discs from.A to C, moving one disc at a 


time and never placing a larger disc on top of a smaller one. 
Station B is used as a “way” station. With two discs a minimum 
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of 3 moves is required, with three discs, a minimum of 7 moves, 
and with four discs, 15 moves. : , 

Cook matched three groups of Ss on the basis of an intelligence 
test before giving one group the two-disc problem. S worked on the 
problem until he could solve it in the minimum number of moves. 
The mean total moves required for the two-disc problem was 3.5, for 
the three-disc problem 24.3, and for the four-disc problem, 182.7. 
It is clear from these data that the number of moves actually 
required increased at a much more rapid rate than the minimum 
number of moves theoretically required to solve the problems. 

In a second experiment Cook used a modified form of Design 
Method III. One group of Ss solved all three problems in order, 
from the two-disc problem through the four- 
another group solved the four- 
three- and two-disc problems. 
complex problems showed very 
to the next, whereas the group 
problems showed large transfer 
which we have differential tra 
condition to another, 
we must conclude, as 
be used for experimen 


disc problem, whereas 
disc problem first, followed by the 
The group solving the simple to 
little transfer from one problem 
solving the complex to simple 
effects. Here then, is a task in 


was varied directly, is related 
€ to learn. Reed’s Ss were pre- 
n each card were 4 words. From 


concepts -were nonsense syllabl 


syllable KUN was the name for a Concept represented among 
each of the following 7 groups of words, cach group of words 
printed on a separate card: 

1. horn leaf monkey debt 

2. fame ought tiger Se 

3. line people elephant Sound 

4. uncle friend sheep Daar 

5. crowd sail deer string 

6. horse circle paid Scholar 

7. carrying died cow 


ruler 
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In the 7 groups only the concept of an animal is common to them 
all and sincè animal names appeared with none of the other 
syllables used, S eventually discovered that KUN was the response 
to a card on which an animal name appeared. Since five other 
concepts were to be learned, each represented by 7 cards, the total 
of 42 cards is accounted for. j 

E showed each card for 3 seconds and then pronounced the 
‘syllable which went with the card. On successive trials $ named it 
correctly, E said “correct”; if S failed to say the syllable or said 
the wrong syllable, Æ pronounced the correct syllable at the end 
of the 3-second period. The index of rate of learning was the 
number of promptings needed before S correctly identified all 
cards by calling out the appropriate syllable within the time limit 
allowed. The order of the cards was varied from trial to trial, 
and cards representing the same concept never followed one 
another. 

With one group of Ss 
cated above, but with ano 
each card although the time of 
same. The question asked was 
of learning resulted from differences i 
each card even though the number © 
was the same. 

The results of this experiment 
of learning took place when only 
the average, the number of promptings to learn the 6 concepts 
with 4 names per card was 30.75 whereas with 8 words per card 
the mean was 40.0. If we assume that the intelligence test used 
is a valid matching instrument and that the two groups were 
therefore not significantly different in initial ability, we may 
conclude that the extra names on the cards made the task more 
difficult. The greater the number of words the greater the number 
of possible hypotheses which $ had to eliminate before formulating 
the correct one. 

The nature of the concept. Two series of studies afford data 
on rate of concept formation as a function of the nature of the 
concept to be attained. We shall take an appropriate study from 
each of these series. These studies will clarify what is meant by 


ce 
nature of the concept.” 


Reed had 4 words on each card as indi- 
ther group 8 words were presented on 
presentation of each card was the 
how much difference in the rate 
n the number of names on 
f concepts to be: identified 


show that the most rapid rate 
4 words were on the cards. On 
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1. The Welch-Long Studies. The subject of these studies is concept 
formation in children. One study was concerned with concept 
formation as a function of “level of abstraction,” a phrase to be 
defined by the experimental operations. i : 

The situation Long and Welch (222) used in studying this 
problem is represented in Fig. 74. A, B, and C stand for objects. 
When A and B are together, a light is on; when B and C are 
together no light is on; ae A 

and C are together the light 5 

pon on again. On test trials S is 
asked which of the three ob- 

jects, A, B, or C, will make the 

light go on. A, since it is com- 

mon to both situations in which 

: the light is on, is the correct 
answer. With children as $s 

pictures of objects are inserted 

for the letters. The first pair, 

the three wit mas let us say, a lion and a camel, 
tho ight go en, are presented, and E points out 
to S that the light is on. Then, 
the second pair, a horse and a 
camel are presented, and Æ is 


Fio. 74. Illustration of stituation careful to show the child that 
by Long and Welch (222) in 


their studies of concept formatine the light is not on. In the third 
Series the lion and the horse 


The above illustration indicates concept formation at the object 


level. “Light on” becomes a new name for an old concept of 
lion. Now, let us move up a level 


: and present S with the following 
series of pictures: 


lion — pencil: Light on 

boy — bus: Light not on 

camel — carrot: Light on 
On the test trial we present S with three Pictures, a horse, 4 
battleship, and a bean and ask § which one will make the light go 
on. If he has “caught on” he will Pick the horse, since the light 
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was on in each case where a sub-human animal picture was 
present. This, then, is a first level abstraction. 

For the second level abstraction, we present S with the following 
series of pictures: 


man — auto: Light on 
pear — rowboat: Light not on 
lion — corn: Light on 


and camel, are then presented. The 


Three test pictures, bus, bean, 
ight has been on for lion and 


correct response is camel, since the li 
man, and both are animals. 

Tests at the various levels of abstraction were given to 40 
children, 8 to 11 years of age, and a great many different objects 
were pictured, Furthermore, the positions of the right and wrong 
Pictures were randomly changed from trial to trial so that choices 
would not be based on position cues. From their tests Long and 
Welch conclude that concepts at the abstract level were more 
difficult to learn than those at the object level. However, once S 
discovered a concept at an abstract level he was able quickly to 


master additional problems at that level. 

2. The Heidbreder Studies. Heidbreder planned a series of researches 
to discover under what conditions Ss change their concepts. In 
order to study this problem Heidbreder wanted to use concepts 
of known difficulty. Since no such standardized materials were 
available, initial experiments were set up to derive empirically 
concepts of known difficulty. An unexpected outcome of these 


initial experiments was the finding that certain classes of concepts 
were formed faster than others. Concepts of concrete objects 
idly, 


were formed most rapidly, those of spatial forms next most rapt 
and number concepts were attained last (144). Let us look briefly 
at the method used to discover these facts. 

In most of the experiments nine concepts were learned, three 
each of the above classes. The material was presented pictorially on 
a memory drum, and S was asked to associate a nonsense syllable 
with each concept. Thus, the concept name for faces was relk. 
Each picture appeared for 4 seconds, and after 2 seconds of this 
period E pronounced the nonsense syllable, thus indicating the 
correct name. There was 16 series, each being made up of nine 
Pictures, one corresponding to each of the nine concepts. For 
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example, there were 16 faces, each face different, 16 trees, each 
tree different, and so on. E presented each series in succession 
until S gave two successive perfect recitations. 

The three object concepts were face, building, and tree, and as 
indicated above, were represented in each series by actual draw- 
ings of faces, buildings, and trees. One of the three spatial forms 
was a circle, but in the picture series a plain circle was not presented. 
Rather, a circular wreath represented the circle concept on one 
series; a wagon wheel on another, a ball on still another, and 
so forth. A second spatial form looked like an equal sign with 
a cross-hatch. Like the circle, it was presented in several different 
ways, although in each case the basic form was there. A third 
form appeared as a small circle with two antennae. 

The number concepts were presented as objects. Thus, for the 
concept three, one series might have shown three nails, the next, 
three houses, the next, three butterflies, and so forth. S was to 
discover that the common characteristic of all these representations 
was “‘threeness.” 

Heidbreder’s results show that the object concepts were learned 
to mastery by 63 Ss in an average of 3.6 trials. The spatial forms 
required an average of 4.9 trials, and the number concepts, 8.4 
trials. These differences were highly significant statistically. 

Although Heidbreder has demonstrated that such an order of 
concept attainment is not inevitable (146), in general, the order 
has proved surprisingly resistant to changed conditions. Because 
of definitional difficulties, Heidbreder prefers not to use the term 
abstract to indicate the obtained order, saying, for example that 
it is based on successive levels of abstraction, or that the more 
abstract the concept the slower is the rate of learning. In the 
Long-Welch study, it is true, we did refer to successive hier- 
archies of classification as levels of abstraction. Although such a 
hierarchy is not present in the case of Heidbreder’s concepts, it 
is, nevertheless, approximately true that as we go from objects to 
‘forms to numbers we get more and more removed from “‘thing- 
like” characteristics. Yet, even if this is true, and even though we 
might speak of levels of abstraction, we still have to show how 
the characteristics which define levels of abstraction produce 


varying learning rates. This cannot be done satisfactorily at the 
present stage of research. : 
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In the future, level of abstraction may be shown to be a special 
case of meaningfulness as we have used the term meaningfulness 
in the preceding chapter. Some evidence suggests this. Wilkins 
(411), working with syllogisms, found that level of difficulty was 
directly related to level of familiarity. A syllogism is a form of 
deductive thinking wherein S is given two or more premises and 
is asked what conclusion can be reached. In concept formation 
we go from the specific to the general, whereas in syllogisms we 
go from the general to the specific. We may illustrate the syllogism 
by continuing to overwork Socrates’ mortality: 

All men are mortal; 
Socrates is a man; 
Therefore, Socrates is mortal. 

Wilkins gave syllogisms stated in familiar terms and syllogisms 

Stated in formal terms, as illustrated here: f 


Familiar Formal 
Some students are bright; Some x’s are y’s; 
George is a student; Some 2’s are x’s; 
Therefore: Therefore: 


The syllogisms stated in familiar, as opposed to formal terms, 
were most frequently solved correctly. If we considered the essen- 
tial components (students, bright, George, * J z) of such 
Syllogisms it is .quite likely that we could demonstrate different 
degrees of meaningfulness. Would this be the same as levels of 
abstraction ? 

_ Intra-task similarity. We have seen that this factor is very 
important in determining the rate at which multiple-response 
learning takes place. Most thinking problems involve the percep- 
tion, implicit manipulation, and short-term retention of relation- 
ships among stimuli. In so far as perception and retention are based 
on similarity of stimuli, this variable should also determine the 
rate of thinking, Similarities among various aspects of a problem 
may be so confusing that S$ may be unable to grasp the problem 
quickly. For example, Johnson gives a problem which most people 
will have to read more than once in order to understand: 


“The ages of a man and his wife are together 98. He is twice as old 
as she was when he was the age she is today. What are their ages?” 


(182, p. 206). 
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The probable importance of similarity in grasping a sequence 
of thoughts is clearly demonstrated on a well-known weekly radio 
quiz program. Each week a participant is asked to repeat a sentence 
after hearing it one time only. The sentence, using the same pattern 
each week, runs about as follows: 


“Ted is in bed,” said Jed to Ned; “Ted is in bed, Jed,” to him said 
Ned. 


The fact that a relatively small percentage of the participants 
is able to repeat such a sentence is probably caused by the con- 
fusing similarity relationships within the sentence. 

At the experimental level, however, we have very little evidence 
on the rôle played by intra-task similarity in the thinking process. 
Welch (403) has made an analysis of the results of experiments 
he has performed with Long and has concluded that similarity is 
an extremely important factor in determining concept formation. 
It should be clear, however, that concept formation is a well- 
practiced task and may not be considered a very complex type of 
thinking. Certainly we are in no position at present to generalize 
to other tasks from principles based on concept formation. Never- 
theless, Welch’s analysis appears to have good applicability to 
concept formation and it will be worthwhile to outline the essential 
points of it. 

Concept formation studies such as Welch has conducted involve 
the use of positive instances of the concept and negative instances 
of the concept, the latter being illustrations of what the concept 
is not. According to Welch, two principles of similarity are 
important in such studies. (1) The greater the similarity between 


the positive and negative stimuli the slower is the rate of concept . 


formation. (2) The greater the similarity between the positive 
stimuli the faster is the rate of concept formation. 

Both of these principles have common sense appeal, and both 
may be derived readily from studies of transfer of training and 
discrimination learning. The first Principle is demonstrated in 
studies in which an animal must learn to respond, let us say, to 4 
circle, and to make no response to an ellipse. The second principle 
is shown by any study of transfer in which the same response ha! 
to be acquired to similar stimuli. We cannot, of course, subsume 
all known facts about concept formation under these principles, 
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as Heidbreder’s results demonstrate, but certainly the principles 
may form a part of the general theoretical structure which will 
be needed to explain complex concept formation. 


Set 


In our discussion of set in Chapter VI we indicated that there 
are two ways by which Æ may influence S’s set: (1) by instruc- 
tions, and (2) by controlling S’s past experiences. We have identi- 
fied the directive function of motivation with set; set determines 
the stimuli to which S attends and therefore will influence his 
responses in a problem situation. Æ, by appropriate instructions, 
may specify the stimuli to which S should attend and may also 
Specify the mode of attack which is likely to be most fruitful. 
Instructions, in a sense, provide the same localization of behavior 
in humans as food smeared on the bar in the Skinner-box for rats. 
The second method of controlling set is by giving S preliminary 
training in a certain mode of solving problems and measuring the 
influence of that training in a new but similar problem situation. 
This method, in effect, provides a continuation of our study of 
transfer of training. 

The Maier experiments. Much of what we know about the 
influence of verbal instructions on problem solving has been 
obtained from a series of systematic experiments by Maier. Maier 
assumes that thinking involves primarily the combination of past 
experiences to bring about perception of a new relationship among 
Stimuli. It is this new perceptual relationship which provides the 
Solution to a problem. One factor which Maier believes to be 
important in bringing about this new relationship is what he calls 
direction. The concept is the same, or very similar to what we 
Mean by set. * 

1. Experiment I. The first experiment (236) was designed to 
determine the effectiveness of recall of past experience in problem 
Solving. Ss were brought individually into a room with a low 
ceiling, and shown a collection of materials consisting of a large 
table, two poles about 71/, feet long, two poles a little over 3 feet 
long, a large table clamp and two small clamps, electric bell wire, 
pieces of lead tubing, and several pieces of chalk. As we shall see, 


ö * Maier draws a distinction between direction and set (241, p. 359), but for 
ur Purposes it is one which need not be made. 
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not all of these materials were used in solving the problem, but 
the extra material provided cues for false leads. $ was instructed 
as follows: 


Your problem is to construct two pendulums, one of which will swing 
over this point (cross indicated on the floor) and one which will swing 
over this other point (other cross indicated), These pendulums should be 
so constructed that they will have a piece of chalk fastened to them which 
will make a mark (which can be seen) on the points on the floor just 
indicated (236, p. 118). 


The problem of constructing this pendulum is best solved, 
according to Maier, by clamping two poles together so that their 
combined length is just the height of the room. Then the two-. 
pole assembly is used to wedge another flat pole against the ceiling. 
From the ends of the board wedged against the ceiling two strings 
are dropped over the designated spots. Small clamps are attached 
to the strings and the clamps hold the chalk. 

According to Maier the solution has three essential parts: 
(1) the concept of a plumb line, (2) the concept of making a long 
pole by clamping two short ones together, and (3) the wedging 
principle. In some of the groups of Ss these parts were indirectly 
demonstrated before solution was attempted. For example, to 
demonstrate the concept of a plumb line, Æ showed S how to 
make a plumb line out of a piece of string and a clamp, but instead 
of chalk a pencil was inserted in the clamp. The other two parts 
could also be demonstrated. We shall call this procedure, the part 
demonstration. 


The instructions used to give direction, or set, were as follows: 


I should like to have you appreciate how simple this problem would 
be if we could just hang the pendulums from a nail in the ceiling. Of 
course, this is a not a possible solution but I just want you to appreciate 
how simple the problem would be if that were possible. Now that it 15 


not possible the problem is, as you may find, really quite difficult (236, 
pp- 119-120). 


Five groups were used as follots: 
Group I: Given problem only. : 
Group IT: Given problem plus part demonstration, but told that 


the part demonstration was given merely to make them acquainted 
with the materials. A, X 


= 


sit eee, 
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Group III: Given problem and part demonstrations: and told 
that if these parts were properly combined they would yield the 
best solution to the problem. 

Group IV: Given problem and the set instructions quoted 
above. 

Group V: Given problem, part demonstrations and told 
that parts combined would give solution, and also given set 
instructions, 

This problem proved to be difficult. There were 62 Ss in the 
first four groups; only one solved the problem after working as 
long as desired, which in some cases was 3 hours. In Group V, 
however, 8 of 22 Ss discovered the correct solution. It appeared 
that not only did Ss have to be given part demonstrations and be 
told that putting certain parts together would give a solution, but 
they also needed direction of the application of these parts. Ss 
who failed to solve the problem no doubt had a set, but they had 
the wrong set for this problem. 

2. Experiment II. The second experiment (237) shows how 
behavior may be channeled in specific directions by the use of 
non-verbal as well as verbal hints. Two strings were suspended 
from the ceiling at such a distance apart that S could not simul- 
taneously reach both. The problem was that of tying the two 
Strings together. Again, a multiplicity of objects was present, and 
actually there were many possible solutions. Maier, however, 
Was interested in only one solution, namely, the tying of a weight 
(Pliers) to one string so that it would act like a pendulum. This 
would allow $ to hold the non-weighted string and catch the 
Other as it reached the top of an arc in its swing. If $ achieved 
another solution Æ instructed him to keep working for others. . 

Ss were first allowed 10 minutes in which to discover the correct 
solution and then, if they had been unsuccessful, two hints were 
Bivens? (nse brushelmacroceonevor the strings to make it swing, 
and (2) he handed S the pliers, telling him that with the pliers 
and nothing else the solution could be obtained. 

Without hints 39 per cent obtained the correct solution in the 
t0 minutes allowed; after the hints a further 38 per cent solved 
the Problem correctly and 23 per cent failed to find the solution. 
These results indicate that specificity of set aided solution for 38 
ber cent of the Ss. 
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3. Experiment III. Maier noted in his experiments that many Ss 
seemed to get in solution-ruts or sets which were difficult to break. 
It was as if S felt that his method of attack was correct but he 
hadn’t quite obtained the proper combination of objects. As 
we have indicated before, whenever there is a problem situation 
in which the correct response must be discovered, S is more likely 
to discover the response, statistically speaking, in proportion as 
the number of different attacks tried becomes greater. The rigid 
sets which Maier and others have noted are just the opposite of 
the variable behavior which seems necessary to find proper solu- 
tions. Maier’s observations indicated that those who solved his 
problems most readily were those who showed varied attacks op. 
the problem; they were able to change the direction of their 
behavior when one direction proved inadequate. Poor solvers 
invariably persisted in one line of attack despite repeated failure— 
a sort of bulldozer response. Maier designed an experiment (238) 
to determine whether it would be possible to counteract the 
stereotyping of sets. 

Two groups of Ss were used. One was given a 20-minute lecture 
on problem solving and the other group (control) was given no 
lecture. The lecture covered general aspects of problem solving 
with special emphasis on the need to change sets, sometimes 
change them completely when one method of attack proved 
fruitless. Each S was given three different problems to solve: 
(1) the string-tying problem as used in Experiment II; (2) con- 
structing a hat rack by clamping two boards together, wedging 
them against the ceiling, and using the clamp bolt as the hook; 
(3) blowing out a candle at 8 feet by making a tube out of various 
parts which were available. 

The results are shown in Table 27. It will be observed that 
there is no difference between the two groups on the string problem. 
Maier attributes this to the fact that the control group as 4 
whole worked longer on this problem because they had greater 
difficulty in solving it than did the experimental group. As a 
consequence, they had less time to spend on successive problems. 
In this experiment there were 178 Ss in the experimental group 
and 206 in the control group. The groups had not been matched. 
Maier ran subsequent experiments in which the Ss were matched 
and approximately the same results were obtained as those in 
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Table 27. We note, that while the difference is not great between 
the two groups, the lecture had some effect. Maier concludes that 
thinking or reasoning is in part at least a function of overcoming 


inappropriate sets. 


TABLE 27 
EFFECT or Instructions To “BREAK SETS” ON PROBLEM SOLVING 
Instructed Group : Control Group: 
Problem Per Cent Solving Per Cent Solving 
String 50.6 49.0 
Hat Rack 28.7 22.3 
Candle 68.3 47.3 


Data from Maier (238). 


. Taken as a whole, Maier’s experiments show that set is a very 
Significant factor in thinking. A given set shows itself by persistent 
mode of response. It may be induced by instructions and may 
be broken by counter instructions. We should also note the con- 
tinuity of Maier’s materials and methods from experiment to 
experiment. By such systematic studies we shall be able to raise 
our knowledge of thinking to a level that is commensurate with 
our knowledge of other fields in psychology. 

Instructions in concept formation. We shall report briefly 
on an experiment by Reed (303). The methods and materials used 
Were the same as reported earlier under the heading length of 
material. The results of the experiment show clearly how a restric- 
tion in the amount of necessary discovery and a sharpening of the 
direction of attention facilitates concept formation. One group of 


Ss was instructed as follows: 


Tam goi time. Each of these 
J going to show you a number of cards, one at a tl 
will be named bya dok pias syllable, such as jok, bif, or hex. Look carefully 
at the cards and try to learn as soon as you can the name of each card. At 
rst you will not know the names of any of them and I shall have to prompt 
fail to tell me the name of a 


Ms the name of a card repeat it aloud after me so 
Nderstand it. Your work will be finished as soon as you ¢ 


“ard without any help (303, P- 75) 


‘an name each 
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Compare the above instructions with the following ones which 
were given a second group of Ss: . 
This is an experiment in learning concepts. A concept, you aig 
a word, or idea that stands for any one of a group of things. Thus, the 
d chair bird, or stone stands for no particular chair, bird, or stone, 
but for any one of a group of chairs, birds, or stones. I am going to show 
you a number of cards, one at a time. Each of these cards will be pa ie 
by a nonsense syllable, such as jok, bif, or hex, and each nonsense syllable 
is a concept. Look carefully at all the words on the cards and try to learn 


as soon as you can the name of each card and what it stands for (303, pp- 757 
76). (The remainder of the instructions was the same as those for the 


other group). 

The first group was given no indication of the nature of a con- 
cept and was not told that the experiment concerned concept 
formation. The first group required a mean of 40.9 promptings, 
the second only 30.7 promptings, to learn to a criterion of one 
perfect recitation. Although some Ss in both groups learned the 
names as a rote paired-associate task, the number of Ss using such 
a method was smaller in the concept-instructed group than in 
the other. The instructions indicating the nature of concepts 
restricted the range of trial behavior for that group. 

Controlling set by controlling past experiences. We have 
consistently assumed that when S is placed in a relatively new 
situation, his response will be like his past responses to similar 
situations. We presume that many of Maier’s Ss were acting in a 
fashion that -had been appropriate in other situations, even though 
that mode of response was inappropriate for the problem pre- 
sented. We fully recognize how such sets, if inappropriate, may 
greatly retard thinking where the solutions demand that other 
methods be used. Until recently, however, we did not have 
systematic evidence of how a method of attack is carried over 
from one situation to another. A series of studies by Luchins (225) 
gives us full confidence in saying that set can be controlled by 
controlling past experience. 

Luchins’ technique was to fixate a single method of problem 
solving by insuring that such a method would be successful, and 
then giving problems for which the method was inadequate. The 
problems used were of the nature which often appear in intelli- 
gence tests. S is given (hypothetically) three jars which will hold 
a known amount of water. Using only the three jars as measuring 
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instruments, S is to determine how to arrive at a certain amount 
of water specified by £. Thus, if one jar held 5 units, another 13 
units, and another 2 units, how would one get exactly 1 unit of 
water? This could be done by filling the 13 unit container, and 
from it filling the 5-unit jar twice and the 2-unit jar once, thus 
leaving 1 unit. Or, it could be done more simply, by filling the 
5-unit jar, and then from it filling the 2-unit jar twice. 

In his basic experiments Luchins used nine problems. The first 
Was a practice problem, so we will not include it here. The follow- 
ing eight problems are shown below: 


CONTAINERS 

a b c To obtain 
Problem No. 2 21 127 3 100 
Problem No. 3 14 163 25 99 
Problem No. 4 18 43 10 5 
Problem No. 5 9 42 6 21 
Problem No. 6 20 59 4 31 
Problem No. 7 23 49 3 20 
Problem No. 8 15 39 3 18 
Problem No. 9 28 76 3 25 


To obtain 100 units of water as requested in Problem No. 2, S$ 
would fill the 127-unit container, and from it fill the 21-unit 
Container once and the g-unit container twice, thus leaving 100 
units in the large container. If these operations are put in algebraic 
form the equation reads b — a — 2c = 100. Now, if you will check 
Problems 3, 4, 5, and 6 you will find that they may be solved in 
exactly the same way and in no other way. Problems 7 and 8 may 
also be solved by this equation, but, also, they may be solved in 
@ much more efficient way by not using the b-jar at all. Problem 
No. 9 can be solved only by a short method (28-3), and is insoluble 
by the long method. j 

In a typical Luchins experiment two groups of Ss were used. 

he Ss in both groups were given the same problem (No. 1), and 
then the control group was dismissed. The experimental group 
remained and solved, in order, Problems 2 through 6. Then both 
groups together were given Problems 7, 8, and 9. In working 
Problems 2 through 6, the time allowed was such that most Ss 
Were successful in finding the correct solution. The question Æ 
asked was what influence will the method of solution developed 
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on these five problems have on the solution of the succeeding 
problems ? ? 

Luchins has given these problems to literally hundreds of Ss 
of varying ages and educational status. The effect of the initial 
five problems was to produce a carry-over of the method of 
solution to Problems 7 and 8. The per cent of Ss in experimental 
groups using the old method of solution ranged from 70 to 100 
per cent, whereas in the control groups, the per cent using the 
method was consistently near zero. The effect was different with 
different age groups, but there can be no doubt about the powerful 
effect of the transfer of the solution method. In this case, of course, 
such a transfer was inefficient, since Problems 7 and 8 could be 
solved in an easier manner. 

The results on Problem g also show the effects of the set developed 
in working the first five problems. A great many Ss in the experi- 
mental groups were unable to solve Problem g in the time allowed although 
the solution was much simpler than solutions which had been used 
on previous problems. 

Luchins systematically varied several different conditions, some 
of which we should mention. If E increased the number of set 
problems (beyond the five actually used) the set effect on suc- 
cessive problems was greater. This finding clearly points to the 
fact that the set was being learned just as specific responses are 
learned. If E asked Ss to write “Don’t Be Blind” on their papers 
immediately after the sixth problem, the set effect was reduced 
somewhat on the following problems. Thus, as Maier’s results 
have shown, the set effect can be reduced by appropriate instruc- 
tion, in this instance by just giving Ss a jolt. This is also demon- 
strated by procedures in which the first five problems were 
alternated with other problems not solvable by the same formula. 
In such instances the set effect was much reduced. * Giving speed 
Instructions increased the effect of the set on subsequent prob- ' 
lems; allowing a time interval to elapse between the first five 
problems and the test problems decreased the set effects. Here we 
have a phenomenon which may be reduced or increased‘as a func- 
tion of certain conditions, but under standard conditions such as 
were initially described, its effect is very potent. Luchins’ results 
fully warrant his conclusion that the initial problems (2 through 


* Harlow (140) has reported a very similar finding with monkeys as Ss. 
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6) create “a mechanized state of mind, a blind attitude toward 
Problems; one does not look at the problem on its own merits 
but is led by a mechanical application of a used method” (225, 
P. 15). 

We have covered enough experiments to demonstrate the 
methods by which set may be induced in thinking problems, and 
We are clearly aware of its importance as a determinant of the 
rate at which thinking will take place. There are many other types 
of problems on which influence of set needs to be determined, 
but tentatively we may identify set (as produced by instructions 
or past experience) as being especially important in situations in 
which the number of apparent solutions to a problem is great. 


The Effect of Unanalyzed Biases 


In an earlier chapter certain experiments were described which 
showed the influence of unanalyzed biases on the discriminal 
Processes. Since the thinking situation is often one which requires 
discrimination among various stimuli, it might be expected that 
our responses will be determined in part by the unanalyzed biases 
which influence our perception. These factors may be conceived 
of aS sets which have their origin in learning processes in a manner 
which Luchins so clearly demonstrates. However, because E does 
not have control of the conditions under which the biased responses 
arise, one may continue to speak of them as unanalyzed biases. 

heir importance in thinking is the same as the set factors which 
Were analyzed and traced to sources; they influence the rate of 
thinking, since they determine in part the responses which § makes 
to a thinking problem. Three illustrations follow. 

Atmosphere effect. Woodworth and his students at Columbia 
Rie sity have discovered an “atmosphere effect” which influences 
me nses to syllogisms. The effect is shown by analysis of the 
<cceptance of various invalid conclusions. If a syllogism is stated 
a iv cies form, S is more likely to accept an affirmative than 
Likewise conclusion, even though both conclusions are invalid. 
eat if a syllogism is stated in negative form, the negative 
iets. is more likely to be accepted. Take, for example, the 

& premises: 


Ifall x’s are ys . 
And if all z’s are y’s 


456 EXPERIMENTAL PSYCHOLOGY 


The “atmosphere” hypothesis predicts that S, if he accepts an 
invalid conclusion, is more likely to accept a conclusion which is 
affirmative in tone. Two conclusions which would be affirmative 
in tone would be: 


Then all x’s are z’s 
Then some x’s are 2’s 


S would be very unlikely to accept the following two conclusions 
which are negative in nature: 


Then no x’s are z’s 
Then some x’s are not z’s 


Of course, all four conclusions are invalid from the premises. 
Yet, when S does accept an invalid conclusion as true, as Sells’ 
(345) work shows he often does, the conclusion he accepts has 
the same “atmosphere” or “impression” as the premises. If the 
premises were negative, such as: 


If no x’s are v’s 
And if no z’s are y’s 


S would be much more likely to accept an invalid conclusion 
stated in a negative fashion than he would one stated in affirmative 
fashion. 

‘It is quite clear from Sells’ work that a bias operates to determine 
in part one’s choice of conclusions. 

Attitudes. Some scattered evidence suggests that logical think- 
ing may be distorted by personal attitudes. * However, a study 
by Morton (271) is the first which clearly demonstrates that 
emotionally toned attitudes may markedly bias our responses to 
syllogisms. There are two important parts to the study. One part 
concerns the acceptance of conclusions from premises stated in 
the symbolic x and y form. A second part concerns the acceptance 
of conclusions when the premises and the conclusions were stated 
in terms of current events; namely, events of World War II (the 
study was done in 1942). These syllogisms in the second part 
_were couched in terms of rationing, the airplane versus the battle- 
ship, spies, enemy leaders and soldiers, and so forth, all of which 


* The relationship between emotion and problem solving was taken uP in 
Chapter VII. 
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were very much in the news at the time and about which most 
people held strong opinions. 

The test, then, consisted of syllogisms in formal symbolic language 
and syllogisms in emotionally-toned items, but both sets of 
syllogisms were identical as far as logic was concerned. There 
were 15 syllogisms, each stated in the two ways. S was asked to 
mark one of five possible conclusions which he thought most 
logically followed from the premises. Then E compared the re- 
sponses for each syllogism stated in formal terms with the responses 
given to the same syllogism when stated in terms of current 
topics. 

The responses for the 98 Ss (college students) were different 

for the two sets, and these differences were highly significant in 
14 of the 15 syllogisms. The most important finding was that the 
logically wrong conclusion accepted most frequently was one 
which represented the prevailing opinion by newspapers, radio, 
and other forms of public commentary. Thus, the source of this 
bias seems fairly well identified. In short, a conclusion which 
reflected public opinion was likely to be accepted, although from 
the premises such a conclusion was quite illogical. (This does 
not necessarily mean that the accepted conclusion was not true 
in and of itself, e.g., “The Japanese advances in the Aleutians can 
be held,” but it does mean that such a conclusion was utterly 
illogical in the context of the given premises.) 
_ Morton also showed that when the emotionally-toned conclusion 
in line with current opinion was opposed to the atmosphere effect 
(as discussed above), the emotionally-toned statement was more 
likely to be accepted than the one predicted by the atmosphere 
effect. 
5 Size and position biases. A study by Morgan (270) illustrates 
in a very convincing manner how irrelevant factors may be given 
causal status in problem solutions. Morgan presented his Ss with 
a situation which may be schematized as follows: 


A B c 
A Cc B 
A D Cc 


The letters represent levers and Ss were told that when all levers 
in a row were pressed a door would open. Then S was requested 
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to rank-order the four stimuli (A, B, C, D) as to their importance 
in causing the door to open. Now you will note that in the above 
illustration both A and C occur in each row so by common logic 
they should be equally important in producing door-opening. 
Morgan reasoned that if students applied logic only they would 
be unable to rank either A or C ahead of the other. The question 
was, then, what irrelevant factors would determine a choice 
between A and C? 

In the actual experiment four geometrical forms (a circle, 4 
diamond, a square, and a triangle) were used instead of letters. 
These forms appeared in various sizes and at various positions in 
the 12 problems used. Some forms had lines through them. Each 
problem was exactly the same; S was to rank-order the four 
stimuli as to their importance as causal factors in opening the 
doors. 

Out of 246 college students who served as Ss, only 6 absolutely 
refused to rank-order the stimuli, rightly insisting that the tw 
factors were equally important and one could not be ranked ahead 
of the other. Responses of the other 240 Ss were examined to 
determine which factors were chosen as being important. The 
results show that two factors, size and position, stood out above 
all others as alleged causal conditions. Practically all- Ss ranked 
the figures appearing in all rows either first or second, but a figure 
was much more likely to be ranked first if it were larger than 
the other or if it were in the dominant position (such as the A’s 
in the illustration). 

The mean ranks for all characteristics are shown in Table 28. 
It can be seen that little bias attached to a given geometrical form 
as such and whether or not the figures were plain was of small 
consequence. The important point is that Ss preponderantly 
showed a bias toward certain features (size and position) even 
though those features are irrelevant causal factors in this problem. 

We have given three experimental illustrations of unanalyzed 
biases which may influence our responses in thinking. These will 
give an inkling of the possible sources of the irrelevant or inade- 
quate behavior which is often encountered in problem solving, 
our own and others. Though biases are no doubt due to sets 
invoked by past experiences, tracing them to their sources is 4 
difficult task. It is certain that the biases thus far experimentally 
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isolated are far outmumbered by those which have yet to be 
found. 


TABLE 28 
Errect or Non-RATIONAL FACTORS ON THINKING 


Mean Ranks 


Square Circle Triangle Diamond 


Dominant Position 1.12 1.16 1.14 1.21 
Non-Dominant Position = 1.83 1.89 1.88 1.87 
Large Size 1.29 1.32 1.30 1.24 
Small Size at 1.71 1.77 1.73 
Nois Aeres ae 1.25 1.66 1.40 Tear 
Lines Across Face 1.36 1.66 1.30 1.77 


Data from Morgan (270). 


Memory Factor 


The work on concept formation has suggested that concepts 
are more difficult to attain if S has to draw on memory to supply 
the characteristic defining the concept. Thus, if the correct concept 
Were animals; and cows, horses, pigs, and elephants were pictured 
together, the common factors among the pictures are evident. Let 
uS suppose, however, that S is to form a concept of transportation. 
S is told that pictures of cows, sheep, buildings, and desks do not 
illustrate the concept (E reports ‘“‘wrong”), whereas pictures of 
horses, cars, elevators, and boats do illustrate the concept (“right”). 
othing concerning transportation is given in the immediate 
perception of the pictures; S has to import from memory this 
unctional characteristic which holds for all of one group of objects 
and not for the other. 

U uch evidence as is available points toward the principle that 
is greater the dependence of thinking on memory, the slower 
e rate of thinking. One pertinent experiment by Maier (241) 


may be used to demonstrate the probable existence of such a 
relationship, 
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Three groups of 25 Ss each were used. In the description to 
follow you will again note the continuity of the materials with 
those used in the previously discussed experiments. 

Group I. E and S, working together, constructed uprights by 
clamping boards together. Two sets of two uprights were made, 
each set being used to wedge another board against the ceiling. 
From each of the wedged boards two strings were suspended, 
far enough apart so that the tying-strings problem was presented 
to S. If S did not succeed with the problem in 10 minutes, E 
showed him the correct solution. When this problem was com- 
pleted, S was taken to the other end of the room and given two 
poles, 6 feet and 7 feet in length and instructed to build a hat 
rack strong enough to hold a heavy coat and hat. The solution 
to this problem, we have seen, is provided by clamping two poles 
together and wedging them vertically between floor and ceiling 
so that the arm of the clamp serves as the coat rack. 

Group II. The same experiences were given Ss in Group II as 
were given those in Group I. However, the structure used to 
suspend the strings was taken down and the parts removed from 
S’s vision before he was presented the hat rack problem. 

Group I. This group of Ss worked only on the hat rack problem 
—they were given no preliminary experience in building uprights 
by clamping boards together. 


TABLE 29 
INFLUENCE OF THE Memory Facror ON THINKING 
Group N Number Failing Per Cent Failing 
l 25 7 28.0 
-e al et aa, 
II 25 13 52.0 
III 25 ai 19 76.0 


Data from Maier (241). 


The results of the attempts to construct the hat rack are giver 
in Table 29. The data show clearly that Group I was superior to 
Group II, and Group II superior to Group III. This experiment 
demonstrates: (1) that past experience in solving a problem with 


SSS 
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a given material will facilitate the solution of other problems 
using the same or similar principles and materials, and (2) that 
the facilitation provided by the past experience is greater if the 
stimuli associated with the past experience are given in the 
immediate perceptual field so that $ does not have to rely on his 
memory. 

It must be understood, of course, that experiences are not 
remembered without stimuli. They are recalled on the basis of 
current stimulus patterns, although we are often hard-pressed to 
Point out the stimulus which evoked the recall of a past experience. 
However, if the experience recalled is inappropriate to the current 
Problem situation, solution of the problem will be delayed. Maier’s 
experiment shows that appropriate experiences are recalled most 
quickly when the stimuli directly associated with the experiences 
are present. 

A somewhat related principle may be derived from Kéhler’s 
well-known work with chimpanzees (204). If several objects must 
be brought into functional relationship before a problem can be 
Solved, this functional relationship is more likely to be perceived 
when the objects are spatially contiguous. Thus, if a chimpanzee 
had to stack two boxes in order to reach a banana, the chances of 
his being able to do this were increased when the two boxes were 
Placed close together under the banana. If the first box were at 
One end of the case and the second at the other end, the correct 
Stacking response was less likely to occur. i 

We may extend this contiguity principle of spatial objects to 
memory relationships. If the solution of a problem is dependent. 
upon S’s observing the functional relationships between several 
Past experiences, any condition which tends not only to evoke 
memories of the pertinent experiences, but also to produce temporal 
Contiguity of the memories, should facilitate problem solving. 
Unfortunately, such a statement has the status of an hypothesis 
since there are no data available to provide its verification. Note 
that the Principle does not state that sheer recall of appropriate 
experiences automatically means that a problem is solved. Maier’s 
work shows that this is not true. However, temporal contiguity 
in the recall of appropriate experiences should increase the proba- 
bility that S will perceive the functional relationships among the 
Stimuli involved in the problem. 
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MISCELLANEOUS PROBLEMS 
Animal Studies 

We shall describe briefly certain animal studies which may be 
considered to represent more complex forms of learning in animals. 
If there is true “thinking” in animals, these studies probably 
represent it. 

Delayed reaction experiments. In delayed reaction experi- 
ments S is shown two or more containers and observes E as he 
places food under or in one of the containers. S is not allowed to 
approach the container immediately and a barrier is placed 
between the animal and the container for the delay period. The 
basic problem concerns the length of time the animal can be 
delayed between his perception of E’s putting the food under the 
container and his making the correct response. Studies have been 
directed at an evaluation of the important variables which influence 
the length of successful delay. 

Combining past experiences. Maier has attempted to deter- 
mine whether rats can combine two separate experiences into 4 
single experience. The typical apparatus involves three platforms 
placed so that they form the corners of a triangle. Elevated alleys 
run from each platform to make a junction in the middle of the 
triangle. Thus, any platform may be reached from any other via 
the elevated alleys. At the start of the experiment the rats are given 
time to explore the alleys and three platforms. On a test trial, the 
rat is given a bit of food on one platform, then carried to another 
Will the rat be able to combine past experiences so that it will 
run down to the junction and up the alley to the platform where 
food had been received, avoiding the other alley? It will (235). 

Discrimination learning. There have been many experiments 
on discrimination learning, using various types of apparatus and 
animals. We are already acquainted with certain of these tech- 
niques, such as the jumping technique and the T-maze. A recent 
publication by Harlow (141) gives a comprehensive survey of 
the various methods which have been used and some of the findings 
concerning stimuli (form, size, color, etc.) which are most easily 
discriminated. 

There are certain theoretical controversies regarding the mecha- 
nisms by which discrimination learning is achieved. Since these 
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controversies are reflected in the theories of learning to be discussed 
in the next chapter, we shall not consider them here. 

Discrimination learning usually involves the training of a positive 
response to one stimulus and a negative response to another. The 
method has sometimes been called the method of contrasts. Trans- 
position experiments are studies in which animals are initially trained 
to make a discrimination between two stimuli. Ss are then tested 
on two stimuli having magnitudes of the same ratio as the training 
stimuli, but differing in absolute value. 


Descriptive Analysis 

s We have not discussed the many introspective reports on think- 
ing which perhaps show something of the thought processes S 
goes through in reaching a solution to a problem. Previously, we 
have mentioned that these studies have not provided us with 
appreciable systematic knowledge regarding causal factors in 
thinking, i.e., they have added little to our ability to predict. ’ 

_ One of the most recent extensive descriptive analyses of think- 
ing, from a subjective point of view, is found in a book by 
Wertheimer (404). In this account he differentiates between rote 
application of past experience in a problem situation, on the one 
hand, and on the other, the application of past experiences with 
understanding of the relationships among those past experiences. 
His major aim is to show how “true” thinking results in a unique 
Tesponse—a unique perception of inter-relationships mong 
experiences. For a modern descriptive analysis of complex thinking, 

ertheimer’s book should be read. 


Is Thinking Learning? 
form of learning. The 


thinking meets all the 
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covered in this chapter as requiring true thinking. Concept for- 
mation, for example, is explained by Maier through a quite 
different set of principles than is thinking, as he has studied it 
among rats and college students. The term thinking, according to 
Maier, should be restricted to situations in which there is spon- 
taneous integration of past experiences; this sets it off from all other 
forms of behavior modification. This is not speculation on Maier’s 
part, since he adduces considerable evidence for his point of view. 
It is not our plan to attempt to reach a decision on this matter. 
We need only know that there are different points of view on 
this problem; at least, there are potentially different points of 
view, since many psychologists who have not committed them- 
selves on the matter in print would probably disagree with Maier. 
The question which must be ultimately answered is whether or 
not the basic principles which explain learning (conditioning, 
multiple-response) may be used also to-explain thinking. 


FUTURE TRENDS 


We have seen that our knowledge of the relationships between 
manipulable variables and rate of thinking is meager and tentative. 
Rather than give illustrative experiments for certain variables, 
we have had to give the only experiment available. We have said 
that the amount of current research being done on thinking is 
small as compared with the amount being done on simpler forms 
of learning. Now we may ask, “Where do we go from here g 

It seems what is needed is vigorous and widely-joined theoretical 
controversies centered around how people think. The current 
temper of scientific psychology is such that theoretical formulations 
point directly to potential experiments; if we had the theories 
they would certainly spawn research. It is to be noted that the 
few psychologists who have shown sustained research interest in 
thinking (e.g., Heidbreder; Maier) have had theories which they 
were testing. We need more psychologists with theoretical insights 
in order to bring the status of research in the area to a respectable 
level. 

One of the initial needs for future research is a series of standard- 
ized tasks representing several levels of complexity. If Es did their 
work with such tasks, inter-laboratory communication would 
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be greatly facilitated. The systematic exploretion of the influence 


of variables—all variables—for a variety of tasks, remains as the 
major empirical program. 


SUMMARY 


1. Thinking has been identified as representing the it nee 
form of learning, involving a maximum of discovery vile a = 
ships among stimuli. Rational learning problems SES earn 
representative transition task between multiple-response le g 
and thinking 

s E EN red 

2. In general the research on thinking is ie et for 
with the research on simpler forms of learning. Severa. 
this state of affairs were discussed. 

= ate of 

3. The following variables were shown to influence the r: 

thinking: 


a. Massed vs. distributed training 
b. Type of material 
1. Length of task 
2. Nature of concept 
3. Intra-task similarity 
. c. Set 
d. Memory factors 


. : i d 
4. Related work with animal studies was briefly outlined, an 


i A i ip between 
differing points of view concerning the relationship 


learning and thinking were mentioned. 


CHAPTER XIV 
Learning IV — Theoretical Problems 


am 


INTRODUCTION 


The writer once heard a story concerning an honored society 
of aged gentlemen which met once a week to exchange views 
and argue on various issues. It so happened that one of the members 
died and it was necessary to replace him. After assessing the 
various candidates, they finally chose a relatively young man who 
seemed to be wise in the ways of the world, at least verbally, and 
who they thought would fit nicely into their group. The first 
meeting which the young man attended was dedicated to the 
discussion of the probable number of teeth in a horse’s mouth. 
For an hour or so each of the elder gentlemen had many wise’ 
words to say concerning the number of teeth which he believed 
a horse had. In deference to his elders, the new member of the 
society spent most of the session listening. Finally, however, ina 
show of temerity, he baldly suggested that the meeting retire to 
the stable where it would be possible to count the number of 
teeth which a horse actually possessed. The elders, aghast at such 
an approach to the problem, immediately dismissed him from their 
circle and asked that he never return. The appeal to the empirical 
was not a part of their mode of thought. 

Contemporary learning theories are oriented by facts. Only 
after a horse has been observed is there a theory; the theory follows 
and is based on the observation of number of teeth. The sequence 
of events in formulating scientific theory is: facts —> theory con- 
cerning facts —> more facts to check on adequacy of theory > 
revision or extension of theory —> and so on. Unlike the gentle- 
men in the story, the modern learning theorist neither starts 
nor stops with theory; fact finding and theory construction are 
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os closely integrated steps. Nearly all current’ experiments 
De are designed to test directly or indirectly certain 
tite o; learning theory. In this chapter we propose to sample 
oa nces in points of view concerning the basic nature of learning, 

to sample experiments which are presumed to give critical 


t 2 . . 
ests of these theoretical points of view. 


ECONDARY VARIABLES 


examined factors which were 
which learning took place, 
timulus variables or dimensions. 
öles in simple learning 
ex learning situations 
conditioned 
and so forth, 


PRIMARY AND S 


— previous chapters we 
did n in determining the rate at 
These called these factors the effective s 
Fa variables were discussed for their r 
( fiche (conditioning) and for complex — 
stimul 8). Thus, meaningfulness, complexity of 
we lus, intra-task similarity, distribution of practice, 
W all shown to influence the ra 
Maats akea spoken or ee 
Seca hed learning. Thus far in our presentatic 
oft, E that learning is a fundamental, almost inevita 
bef e organism. We now ask: in con ae 
in ore any learning will take place?” “Are there not situations 
a which no learning will take place in spite of optimal distribution 
ewe or optimal conditions of meaningfulness, OF jboss 
ee itions of intra-task similarity 2” It is the purpose of ERE apter 
fh Valuate various hypotheses which are incorporated into earning 
eories and which are presumed to answer such questions as those 
above. P 
wha classification scheme. 
variabl we discussed in the precee? o 
es, and the empirical relationshi 


yas 
fee and rate of learning, secondary laws 
n call the variables to be discussed in © 
ws of learning: ( 


vari, 
i ie which lead to primary laws | i not be secon ary 
are ussed in the previous chapters which would nor EE 
m the temporal relations in conditioning and the ratio-oF rei 

ent variable. As will be seen presently, these two represent 


Variati ‘a f 
ons in aspects of primary variables.) 
We shall see that a distinction betwee? primary and secondary 


nditions 


the experimental variables 
hapters, secondary 
ps between these stimulus 
or principles. We shall 
this chapter primary 
Two variables 


Let us call 
ding three c 
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variables is not completely justified, but it may aid us somewhat 
in handling the rather difficult problems we face in completing 
the study of learning. There are four variables which rank as 
primary: (1) motivation, (2) consequences, (3) frequency, and 
(4) contiguity. The central problems of current learning theory 
center around the mode of action of these four variables. 

1. Motivation. Common observation suggests that motivation is 
a necessary condition for learning. Even to attend to stimuli the 
organism must be motivated. No learning theorist insists that 
appreciable learning does take place in non-motivated organisms, 
although there are differences of opinion as to the exact réle 
which motivation is to be assigned in the learning process; some 
theorists say learning could take place in non-motivated organisms. 
The operation of motivation is closely bound up with the operation 
of incentives in most learning theories. 

2. Consequences. As a result of our discussion in Chapter VI, 
we are already acquainted with some of the problems related to 
incentive variation. The incentives are the rewards and punish- 
ments; they are the consequences (or anticipated consequences); 
of a response or act. We should conceptualize the consequences 
of an act in terms of a continuum, with one half of the continuum 
indicating rewarding consequences and the other half punishing 
consequences. There would then be a neutral point, or zone, in 
the middle. 


Neutral 


ee ee ee 


Rewarding Consequences Punishing Consequences 


From the neutral point out toward the ends the amount of punish- 
ing or rewarding incentive increases. At the empirical level the 
influence of “amount of consequence” on learning is a straight- 
forward experimental problem. E varies the amount of reward 
(or punishment) and measures the rate of learning which results 
for each variation. It should be noted, however, that we cannot 
define the nature of consequences in terms of their influence On 
rate of learning. If a consequence hastens learning we cannot 
therefore define it as a reward. We have to define the dimension 
independent of the rate of learning. 

Definition of the dimension of consequences has been achieved 
on the verbal level by Thorndike (380). A consequence to which 


-a ee, 
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the organism shows approach responses would be a reward; a 
consequence to which the organism shows avoidance responses 
would be a punishment. If the organism neither avoids nor ap- 
proaches a given incentive, it would be classed as a neutral conse- 
quence (assuming no ambivalence or conflict). Strength of approach 
and avoidance responses would indicate the amount of reward 
and punishment respectively. 

We will recognize that most approach and avoidance responses 
are in themselves learned so that a definition of consequences is 
not completely independent of observations of learning behavior. 
However, the incentives which are typically used evoke fairly 
stable responses the learning of which has long since taken place. 

In actual practice the pre-testing of the nature of consequences 
is seldom carried out, although it could be; a rat would approach 
food, and avoid shock. Given these independent observations for 
a given motivational state, we could then proceed to discover 
what influence such incentives had on learning. The scientist 
generalizes to members of a species from a sample and since it: is 
common observation that rats approach food and avoid shock, he 
does not feel obliged to test each rat for its reactions before an 
experiment. If incentives do facilitate or retard learning, it is a 
part of the theorist’s problem to make assumptions as to how 
this facilitation or retardation takes place. 

3. Frequency. The frequency variable might seem so obvious 
that its importance could easily be overlooked. We already know 
that at least a frequency of two repetitions is necessary before 
learning can be measured and we also know that it is customary to 
plot learning curves by placing frequency (number of trials) 
along the base line. However, frequency becomes a theoretical 
problem. when we pause to inquire what is frequent. What is 
frequent that is critical for learning? The response? The stimulus 
and response combined? The response and reward? Some theories 
have fundamental disagreements over the answers to these ques- 


tions. 


4. Contiguity. We have already examined some of the empirical 


relationships between rate of learning and contiguity of certain 
aspects of the learning situation, There are differences of opinion 
concerning the relative importance of certain “‘contiguities”: Is 
the temporal interval between stimulus and response the critical 
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one, or is it the interval between response and reward? We call 
this variable primary because empirical data show that if the 
intervals between stimulus and response, and response and conse- 
quence are too long, no appreciable learning will take place. 

Let us schematize the relations between primary and secondary 
variables by the structure in Fig. 75. This structure shows each 
primary variable underlying all secondary variables. By this is 
implied first of all that the primary variables must be present in 
certain minimal amounts before learning will take place. Increas- 


Primary Variables 


Fic. 75. A structure to schematize the dependence of secondary variables on 
primary variables. 


ing the amount of the primary variables beyond this minimum 
also affects the rate at which learning takes place. The exception 
is frequency, since frequency is necessary only as a vehicle to allow 
learning and to measure rate of learning. In a sense, frequency 
underlies all variables since a minimum frequency (repetition) 
of one sequence of specified events must take place before learning 
occurs, and two frequencies before learning can be measured. 
The secondary variables are entirely dependent on the primary 
variables—if we remove the primary variables, manipulation 
of the secondary variables would have no innate since learning 
cannot take place without the primary variables. However, 
given at least a minimum amount of all of the primary variables, 
the rate of learning will be influenced by manipulation of the 
secondary variables. 

It must be clear that not all theorists will agree with the classi- 
fication of primary and secondary variables. Some of the variables 
which here appear as secondary would be placed by some authors 
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in the primary classification, whereas certain of the primary 
variables might be placed in the secondary classification. For 
example, some theories which strongly stress the perceptual aspects 
of learning would probably include intra-task similarity as a 
primary variable, since it influences the ease of perceiving various 
aspects of the situation. Other theorists say that incentives (conse- 
quences) are not necessary for learning to occur. In spite of dis- 
agreements over the classification of primary and secondary 
variables, current psychological writing shows that the major 
theoretical problems stem from different preconceptions concerning 
the mode of action of the primary variables as here listed. 

Let us turn briefly to some general aspects of theory construction 
and follow with a discussion of the réles assigned the primary 
variables in different theories. 


ILLUSTRATIVE THEORIES OF LEARNING 


Theories are attempts to give explanations of observed pheno- 
mena on the basis of given empirical relationships. For example, 
distributed practice usually facilitates learning—this is an empirical 
relationship. The theorist attempts an explanation by suggesting 


processes (and their characteristics) which might produce the 


ascertained empirical relationship. 

Theories and scientific development. Theory -building 
usually leads to an intermediate stage in the development of a 
science. As pointed out in the first chapter, theories carry experi- 
mentation in a given area from the I-wonder-what-would-happen 
stage to the |’ll-bet-this-would-happen stage. The scientist, having 
established some empirical relationships in the first stages, becomes 
curious about the underlying processes which could produce such 
a relationship. Consequently, he begins to propose possible explana- 
tions or hypothesize. And, as we also pointed out in the first 
chapter, if the theory is to be maximally useful, it must suggest 
relationships which have not been observed as yet but which are 
open to investigation. Further experimentation thus takes the form 
of seeking for empirical relationships which are suggested by the 
theory, and we have the J’ll-bet-this-would-happen stage. Our 
confidence in the pasic theory is strengthened if predictions are 
verified, and weakened if they are not verified. i 


31 
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In earlier chapters research areas were mentioned in which 
investigation has virtually ceased for want of a theory. At these 
points no-one has formulated a theory which would push experi- 
mentation from the I-wonder stage to the I’ll-bet stage. Whole- 
part learning is a small area which seems to be moribund for want 
of theory. Thinking is a larger area which as a whole seems to be 
stalemated for lack of a comprehensive theory. 

Levels of gemerality. It is agreed that theories may be of 
several levels of generality. A theory may be formulated to account 
for only a very restricted segment of behavior, or it may be 
elaborate enough to account for a wide range of behavior. Thus, a 
very restricted theory would be one which attempted to explain 
the bowed serial-position curve. A less restricted theory would be 
one to interpret the bowed serial-position curve, and remote 
associations, and the superiority of distributed over massed practice. 
A still more general theory might attempt to account for all 
multiple-response learning phenomena. Theories which have’ been 
devised to explain the smaller areas of behavior are sometimes 
called miniature systems. 

The nature of learning theory. Ideally, a theory of learning 
would account for all known empirical relationships. It is perhaps 
unnecessary to state that we have no such broad theories. Most 
theorists have restricted themselves to building miniature systems. 
Yet, a few have attempted to account for a fairly wide range of 
behavior, and it is their work which we propose to sample in 
the discussion to follow. 

The theories to be discussed have evolved largely from animal 
experimentation but are intended ultimately (with elaboration) 
to apply to all learning. Animal experimentation has provided a 
convenient means for isolating certain variables, especially those 
concerned with motivation. We shall not deny, however, that 
there are difficulties encountered when one tries to apply to 
human learning the theories derived from white rat learning. 
However, the problems which the theories raise are by no means 
problems of animal behavior only. Many human experiments 
have taken their cues from animal experiments, and we shall find 
many incidents in our own experiences which seem to illustrate 
the basic assumptions made by the theorists. Although these 
personal illustrations do not validate the assumptions, they may 
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alleviate the feeling that the theories are exclusively theories of 
animal learning. 

We shall illustrate learning theories by considering (1) a goal- 
reinforcement theory, (2) a perceptual-learning theory, and.(3) a 
contiguous-conditioning theory. It would be presumptuous to 
believe that it is possible to outline these theories fully in a few 
pages, when originally it took several volumes to present them. 
We shall, however, be able to state the basic assumptions of each 
theory in simplified form and point out differences in them. A 
recent book by Hilgard (151) reviews in some detail a dozen 
different learning theories which influence modern psychology, 
so it is clear that the three theories we consider here are only 


samples. 


Goal-Reinforcement Theory * 

This theory is given its most recent and extensive treatment by 
Hull (165). The theoretical system as it stands today is based 
largely on conditioning data—unitary response learning. Future 
volumes are promised to provide a theoretical framework for 
multiple response acquisition, especially maze learning. The theory 
is thoroughly grounded in experimental data, and is stimulating 
a great amount of research. 

The key assumption of the theory is a modern statement of the 
law of effect which we can approximate for the present by saying 
that the consequences (rewards or punishments) of a stimulus- 
are critical in determining whether or not 
learning takes place. Hull has borrowed most directly from 
Thorndike (378, 380) for his ideas on the réle of effect. There 
are 16 basic postulates in Hull’s system and many corollaries, of 
which we shall include only the more critical ones. The theory 
will be outlined in terms of the four primary variables previously 
discussed, although we shall treat motivation and consequences 
together. Experiments designed to test propositions deduced from 
the theory will come under our attention later. 


response sequenc: 


* To summarize these theories the writer has used original sources (cited in 
text); interpretative material by Hilgard (150), Spence (362), White (405); the 
discussions in the 1942 Yearbook of the National Society for the ‘Study of Education (147), 
and many discussions accompanying experimental reports. 
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Motivation and consequences. There are three points to be 
considered. 

1. Motivation, in the energizing sense, must be present before 
learning will take place. 

2. Whenever a stimulus and a response occur together, and 
this in turn is followed closely by a reinforcing state of affairs, the 
functional connection between the stimulus and response is 
strengthened (law of effect). By this it is meant there is an increase 
in the probability that upon future presentation of the stimulus 
the response will occur. 

3. A reinforcing state of affairs is brought about by two 
conditions: 


a. By the reduction of a motive (a pellet of food reduces strength of 
hunger motive; cessation of shock reduces escape motive). This is 
primary reinforcement. 

b. By stimuli which have been associated with primary reinforcement. 
This, we know, is secondary or symbolic reinforcement. In humans, 
Thorndike’s confirming or “O.K.” reaction may be thought of as 
secondary reinforcement. Thus S, saying the response GUZ to the 
stimulus YOR, and then seeing that GUZ is correct or “O.K.” 
has his response confirmed (reinforced), 


Frequency. Since each occurrence of the stimulus-response 
sequence when followed by reinforcement increases the probability 
that the stimulus will in the future evoke the response, level of 
learning is closely related to frequency. The important frequency 
is that of stimulus-response-reinforcement sequence, not merely 
frequency of stimulus and response pairing. Each occurrence of 
this sequence builds up cumulatively a certain amount of associative 
strength between stimulus and response. 

Temporal contiguity. Two aspects of this variable are im- 
portant for goal-reinforcement theories: (1) the temporal relations 
between stimulus and response in Procedure I (Pavlovian situation), 
and (2) the temporal relations between response and reward in 
Procedure II (Skinner-box). The data in Chapter XI have shown 
that in Procedure I the optimum interval between stimulus and 
response is somewhat less than 1 second, and for Procedure II 


simultaneity of response and receipt of reward is optimal for 
learning. 
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Perceptual-Learning Theory 


The perceptual-learning theory has been given its most elaborate 
statement by Tolman (386). Whereas Hull’s theory is based largely 
on conditioning situations, Tolman’s theory stems primarily from 
simple and complex maze learning with rats. Because the theory 
is grounded in experimental work, because certain predictions 
which stem from the theory are testable, and because it stands in 
opposition to goal-reinforcement theories, it too is currently 
provoking considerable experimental work. 

This theory differs basically from a goal-reinforcement theory 
in that it assumes rewards do not strengthen functional connec- 
ns. Rewards only “call out” behavior which depends on the 
the situation. Acquiring this perception, 
is learning. Rewards do not strengthen 


tio 
organism’s perception of 
not acquiring responses, 


directly. 
Learning, according to the perceptual learning theory, takes 


place when an organism perceives a stimulus and its significance. 
A rat in a simple T-maze will, after a few trials, perceive that, 
the stimuli at the choice point indicate that “down that alley” 
there is a stimulus (food) which has significance for him. Food, 
as opposed to no food, does not increase the response tendency 
by reducing motivation; instead, it aids in sharpening the percep- 
tion of the relationship between the stimuli of the choice point 
and the stimuli of the goal box. Other factors which aid perception 
will also help in the formation of this relationship. 

Learning thus becomes equivalent to “seeing” that such and 
h a stimulus followed by such and such behavior (running) 
will lead to the goal box. Learning is the acquisition of certain 
bits of information about the relationship of various stimuli in 
the environment, so that one stimulus arouses the expectation of 
others. Learning is thus the establishment of certain sets or disposi- 
tions to act in certain ways when the significant stimuli are present. 
Factors which bring about learning are factors which increase 
the clarity of the perceptual relationship among stimuli in the 


environment. 

If it appears puzzli 
let it be said in Tolm 
quately defined in terms of 


suc: 


ng to us that rats have all these capabilities, 
an’s defense that most of the terms are ade- 
experimental operations. But now, let 
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us be more systematic and precise with this theory by discussing 
it in terms of the four primary variables. 

In outlining this theory, let us consider a simple T-maze in 
which the starting point is A, the junction is B, and the ends of 
the two arms C and D. As we advance point by point through 
the theory, we shall refer to various events which are assumed to 
occur in the T-maze.* 

Motivation and consequences. 1. Suppose we could put a 
completely non-motivated animal in the maze. If this could be 
done, the rat would show very little activity. According to this 
theory, motivation is necessary for learning, but only because it 
arouses the organism to explore the 
environment and attend to stimuli. 

2. Next, suppose we put food in the 
box at C and use a hungry rat as S. 
In the succeeding trials the rat 
quickly learns to go to C from 4. 
The goal-reinforcement theorist says 
that this increase in performance is due to the fact that food 
serves as a primary reinforcement to strengthen the stimulus- 
response sequence which preceded it. The perceptual-learning 
theorist, on the other hand, maintains that what actually happens 
is that the rat experiences stimuli at A followed by stimuli at B, 
and thus builds up a bit of information that A, followed by appro- 
priate locomotion, leads to B. Furthermore, B becomes experienced 
contiguously with C; hence, another bit of knowledge is established 
that B, followed by running in “that direction” leads to C. Since 
we presume ‘that the animal occasionally went from B to D, the 
information that B followed by running in “that direction” leads 
to D is also built up. 

Now, this learning of stimulus relationships could take place 
without food in the box at C. If we let a rat explore the maze for 
a period of time before placing the food at C, we should expect, 
by this theory, to find its performance following introduction of 
food considerably superior to that of a rat which had not had 
the exploratory trials. In short, perception of the relationships 


D 


* No implication is intended that other theories, e.g., goal-reinforcement, 
cannot account for the simple behavior phenomena to be discussed. The terms 
prediction, account for, etc., are used for expository purposes. 


THEORETICAL PROBLEMS 477 


among stimuli is learning, and these percepts can be acquired, 
according to this theory, in the absence of food. In the maze the 
pertinent perceptual relationship concerns the spatial relations of 
various stimuli both within and outside the maze. Placement of 
food at C following exploratory periods allows learning which took 
place during exploration to show itself in the performance. 

Why does the rat learn the path to food? Why doesn’t it take 
the path to D as often as it does to C? The answer is that food 
serves to distinguish the stimuli at C from those at D. With food 
at C, the rat learns that stimulus B followed by running in that 
direction leads not only to C but also to C and food. Thus, this 
bit of information is distinguishable from the B to D relationship, 
since D does not include food. Food helps to sharpen differences 
among the two sets of stimuli, and if the animal is hungry, it will 


go to C. 


Frequency. To account for learning curves, frequency becomes 


a critical variable for a perceptual-learning theory. However, 
what this theory holds important is that stimuli frequently appear 
in close relationship, and not, as the goal-reinforcement theorists 
say, that stimulus-response-reward is frequent. 
Contiguity. This theory stresses contiguity between stimuli. 
The more temporally contiguous is the perception of two stimuli 
the more rapid is the learning, i.e., the more rapidly the animal 
learns that A leads to B. The significance of the relationship 
between the stimuli at two ends of a short-alley maze should be 
learned more rapidly than the significance of the relationship 
between stimuli at the end of a long-alley maze, because the 
former are spatially and therefore temporally more nearly con- 
tiguous. 
A few other comments should be made about the perceptual- 
learning theory. According to this theory, stimuli of any nature 
which distinguish one experience from another will facilitate 
learning. Perceptual experiences cannot become discrete unless 
the stimuli which cause them are discrete. In a sense, this is the 
point made in our discussions of the réle of similarity in learning. 
The more dissimilar are items ina given series the more rapid is 
the learning. It is likewise true that if different sections of a maze 


are given distinguishing characteristics, learning will be more 
rapid than if the sections are relatively homogeneous (similar). 
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Perceptual learning theorists predict behavior only under known 
motivating conditions. Without such known motivation, the 
theorists can only assume that the organism “knows” that if a 
certain stimulus is followed by a certain response (such as run- 
ning), it will lead to another-stimulus. Unless the animal is appro- 
priately motivated, however, such running behavior need not 
take place. It is presumed that if the animal could perceive the 
stimulus at A in a maze in conjunction with those at B, learning 
would take place even though the rat had never travelled from 
Ato B. 

The theory may be exemplified in human behavior. Suppose 
we visit a city for the first time. Standing on a corner we look 
down the street and see the marquee of a theater. According to 
the perceptual-learning theory, having contiguously experienced 
stimuli-at-corner and stimuli-at-marquee, we have learned that if 
we did wish to go to the theater (if we were motivated) we could, 
from that corner, walk a few blocks and be at the theater. Learning 
has taken place without overtly making the response of walking 
from corner to theater or being satisfied by so doing. 

The theory emphasizes the place nature of learning as demon- 
strated by the rat in the maze. The rat learns, so to speak, that the 
goal box is “over there’”—under that light or close to the radiator. 
The rat doesn’t learn to make a right turn to this stimulus, or a 
left turn to that one. The rat, in effect, constructs the functional 
equivalent of a “mental” map of the maze. The locomotion in 
going to and from various stimuli in the maze is relatively inconse- 
quential to learning; it does, however, allow the stimuli to be 
experienced contiguously. 


Contiguous-Conditioning Theory 


This theory has unique principles which set it off clearly from 
both the theories which we have outlined. It is largely the work 
of E. R. Guthrie and is found in two of his books (128, 129), 
both of which are written in such fashion as to contrast sharply 
with either Tolman’s or Hull’s presentation: Guthrie uses neither 
mathematical constructs nor a new system of terminology; he has 
made neither a formal presentation nor a rigid step-by-step analysis 
of his theory. In addition to the selected experimental data 
which Guthrie examines in light of his theory, he leans heavily 
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on anecdotal evidence. Some of his anecdotes are becoming classic 
illustrations. For example, here is an illustration of conditioning: 


Two small country boys who lived before the day of the rural use of 
motor cars had their Friday afternoons made dreary by the regular visit 
of their pastor, whose horse they were supposed to unharness, groom, 
feed and water and then harness again on departure. Their gloom was 
lightened finally by a course of action which one of them conceived. 
They took to spending the afternoon of the visit re-training the horse. 
One of them stood behind the horse with a hayfork and periodically 
shouted “Whoa” and followed this with a sharp jab with the fork. 
Unfortunately no exact records of this experiment were preserved save 
that the boys were quite satisfied with the results (128, p. 48). 


Guthrie’s basic principle is drawn from old associationistic 
doctrine, but is given restatement in conditioning terminology. 
The associationistic doctrine is based on the idea that when two 
events (psychological processes) occur together in time, there is an 
increase in the probability that one will evoke the other. Contiguity 
of events thus becomes the basic variable in the learning situation: - 
Temporal contiguity provides the key to learning; if two events, 
namely, a stimulus and a response, are contiguous, that is the single 
sufficient condition for learning. In the story the stimulus “Whoa” 
and the response of jumping at the prod of the fork were con- 
tiguous. For Hull, the reduction of motivation is the basic condition 
of learning; for Tolman, contiguity between stimulus events is the 
prime factor, and for Guthrie, the critical condition is contiguity 
between stimulus and response. 

Another unique aspect of Guthrie’s theory is his insistence that 
the association which is established is an all-or-none affair after 
a single contiguous occurrence of the two events. If this seems 
contradictory to the observation that associations are learned 
gradually, it only appears so on the surface as we shall soon see. 

A negative principle which underlies Guthrie’s theory is that 
motivation need not necessarily be present in order that learning 
may take place. All that is necessary is that a response be produced 
in some fashion and it will thereupon become connected to the 
stimulus pattern existing at the time of occurrence. The fact that 
learning appears to take place only in motivated organisms does 
not negate the principle, since motivation may and usually does 
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act as a “‘forcer” of the response. If the response could be forced in 
some fashion other than by motivation, learning would take place. 

Now, let us restate the essential features of the’ theory around 
the four primary variables. 

Motivation and consequences. 1. Motivation is not a pre- 
requisite for learning. It is usually present when learning takes 
place, because motivated organisms are more likely to make 
responses than non-motivated organisms. 

2. The response which is conditioned is a physical response, 
such as movement of muscles, and no assumption is made as to 
what the movements accomplish, i.e., whether or not the organism 
gets a reward. Responses which are evoked just before the receipt 
of a reward appear to be strengthened by the occurrence of the 
reward only because the reward markedly changes the stimulus 
complex, thus preventing other responses from becoming associated 
with the stimulus complex which elicited the response. The stimulus 
complex includes not only external cues but also intraorganic 
stimuli resulting from movements and motivational states. The 
last response made to a given stimulus (recency) is the one which 
remains associated with that stimulus. The reward changes the 
stimulus situation, “preserving” it from other responses which occur 
and therefore replace the response which led to food. 

3. Although conditioning takes place in a single contiguous 
occurrence of a stimulus and a response, we know that some 
associations are learned more rapidly than others. Responses which 
are made when the organism is under a state of excitement (strong 
motivation) appear to become attached to stimuli more quickly 
than those associations formed under relative quiescence. We 
must recognize that the stimulus complex is not only a discrete 
external stimulus such as a bell, a light, or a hayfork. In addition, 
the-stimulus complex is made up of proprioceptive stimuli existing 
at the time the response occurs. Movement stimuli may become 
associated with responses, and under strong motivation a great 
many more of these internal stimuli are so associated. The notion - 
of motivational excitement as a principle of learning is called 
vividness or intensity. 3 

Frequency. Learning. takes place when a stimulus occurs 
contiguously with a response; learning is complete with this 
single conjunction. We observe a gradual rise in the frequency of 
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response from trial to trial because we are unable to control the 
stimulus conditions so that the same complex of stimuli is present 
on each trial. Each time the response is made the stimulus situa- 
tion is slightly different. Gradual learning appears to be observed 
because each new trial (frequency) increases the number of cues 
which have become conditioned to the response. The learning 
curve presumably reaches an asymptote when all possible stimulus 
components have become conditioned stimuli to the same 
response. 

Contiguity. As we have already mentioned, contiguity of 
stimulus and response is a necessary and sufficient condition for 
learning. All other principles actually become secondary. 


ILLUSTRATIONS OF EXPERIMENTAL TESTS 
OF THE THEORIES 


None of the three theories we have discussed is comprehensive. 
All of them have been seriously applied only to simple forms of 
learning, and in no case has a theory been shown to account for 
all known facts even at the simple learning level in animals. As we 
have mentioned before, it is difficult to get tests of the theories 
at the human level where motivational factors are difficult to 
control, so the emphasis is on animal experimentation. It must be 
understood that this is not the place for a comprchensive evaluation 
of the theories; we shall simply give illustrations of attempts to 
test the theories. There are no grounds as yet for saying that this 
theory is no longer tenable whereas that one is, although we may 
say this about certain single features of a theory. 


Tests of the Contiguous-Conditioning Theory 


Certain of Guthrie’s principles are probably untestable. For 
example, it would be like chasing a will-o’-the-wisp to test the 
basic idea that learning is an all-or-none affair with a single con- 
junction of stimulus and response. No matter how carefully Æ 
might attempt to reproduce stimulus conditions on a second trial 
to test the learning which may have occurred on the first, it can 
always be said when the response doesn’t occur on the second 
trial (and it usually doesn’t), that it is because the stimulus situa- 
tion for the second trial was not exactly the same as for the first. 
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Few direct tests of Guthrie’s theory have been attempted, and 
as compared with the other two theories reviewed, it has provoked 
little experimental work. However, certain data are available and 
pertinent to some of the principles. 

The Loucks’ study. Guthrie’s theory states that all that is 
necessary for learning to take place is that a response be produced, 
and the stimuli present at the time will thereby become cues for 
the response. To test this theory E must in some fashion elicit a 
response which is not followed by reward or punishment, since 
only by this method can he determine whether learning will take 
place in the absence of such consequences. Loucks (223) used 
three dogs in his study. By a minor operation tiny wires were 
inserted into the motor area of the cortex. The wires were in 
turn connected to a small coil on the skull so that another induc- 
tion coil could be used to stimulate electrically (but apparently 
without causing pain) the motor area of the cortex. The dogs 
were put through a training period in which the CS was a buzzer 
and the US a shock to the cortex, the shock eliciting foreleg flexion. 
Thus, the response of leg flexion was being forced by electrical 
stimulation of the cortex. If Guthrie’s assumption is correct, after 
a reasonable number of pairings the buzzer itself should elicit leg 
flexion. 

Loucks gave the animals 600 trials at the rate of 20 trials a day, 
but at the end of training no evidence for conditioning was observed, 
i.e., the buzzer would not elicit leg flexion. After these 600 trials 
the procedure was changed slightly, a bit of food being given 
after each leg flexion. Under these conditions, learning took 
place rapidly. After the CR had been established, the food reward 
was removed, and the response promptly extinguished. Thus, 
Loucks’ study gave no evidence of learning when a CS was con- 
tiguous with a response unless that response was followed by 

- reward. Therefore his results do not support a contiguous condi- 
tioning thegry. Comparable results have been found in another 
similar study (224). 

The Seward test. Guthrie holds that the last response made to a 
stimulus is the response learned. All other responses which were 
previously associated to the stimuli are dissociated when the new 
response occurs. This is a principle of recency, and Seward (346) 
sought a test of it. He reasoned that if an animal, after making a 


THEORETICAL PROBLEMS 483 


response, was immediately taken out of the situation and then 
later put back in, the response should again be made, since it was 
the last one elicited by the situation. Rats were placed in a Skinner- 
box, and as soon as they made a lever-pressing response they were 
taken out of the box. Members of another group obtained a pellet 
of food for pressing the lever before they were removed. A control 
group was neither removed from the box nor given food for pressing 
the lever. Each rat of the two experimental groups was given 
20 trials, a trial being one lever-pressing response followed by 
removal. The animals of the control group merely spent 1 minute 
in the box each day. 

Seward’s results show that the rats which were removed from 
the box immediately after pressing the lever did learn, as measured 
by a decrease in time, to press the lever. However, the amount 
of learning was quite small as compared with the group given 
food before removal. Extinction trials, in which the animals were 
left in the box for 7 minutes for 3 consecutive days, show that 
the removed group made more responses than did the control 
group. Thus, there is some evidence for this particular aspect of 
the Guthrie theory, and while the learning which did take place 
by removal may be quite inefficient as compared with rewarded 
learning, some learning did occur. It may be, of course, that 
removal from the box had some reward value for the animals, 
although it is difficult to specify what that is, since considerable 
precaution was taken against secondary rewards being operative 
and against the rats receiving food for some time after removal. 

In an additional experiment (347) Seward and his students took 
a different approach to the problem. According to the contiguous- 
conditioning theory, the last response to a stimulus is the only 
one which remains attached to the stimulus. If this is true, and if 
two responses are attached successively to the same stimulus, only 
the second one should be given later to that stimulus. Seward 
required human Ss to learn two motor responses to the same 
stimulus and then tested to see if only the second occurred. He found 
that the first learned response occurred just as frequently as the 
second. There are many data from verbal learning which would 
support this finding. It should be pointed out, however, that such 
a result does not negate the Guthrie assumption. Although the 
second stimulus may appear to be objectively the same as the 
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first, there are probably other factors by which one might dis- 
tinguish between the two. Learning the second response does not 
necessarily remove the first response, since it may have been 
given to a slightly different stimulus pattern. Since we might say 


that the basic theory could not possibly be tested, we must there- 
fore assert that the above results do not negate the theory as 
stated. 

Guthrie’s own work. Several of Guthrie’s assumptions, espe- 
cially those concerned with protection from dissociation of the 
last response made to a situation, have been derived from his 
experimental work with cats in puzzle boxes (131). On a series of 
trials the cat was placed in the box, and when it hit a pole the door 
opened, allowing access to a bit of salmon. Few quantitative data 
have resulted from this work; rather, a series of pictures of the 
cat’s movements in getting out of the box is presented. Guthrie 
has placed considerable emphasis on movement stimuli, that is, 
stimuli produced by the organism’s own movements which serve 
as stimuli to successive movement responses. Movements and 
postures make up the behavior which Guthrie is primarily interested 
in predicting, not how soon the correct response is hit upon or 
what goal the correct response achieves for the animal. 

To appreciate fully the evidence on which Guthrie bases this 
theory, it would be necessary to observe the movies or the many 
drawings of successive postures of the cats in the box. The best 
we may do, however, is to quote his basic statement concerning 
these studies: 


We may summarize our generalizations of the puzzle-box behavior as 
follows: The behavior of the cat on one occasion tends to be repeated 
on the next, even to occasional prolonged series of movements about the 
cage. Exceptions to this are either the results of a different entrance, 
which initiates a different line of action, or the result of accidental 
distractions, which may deflect the behavior from its former sequence; 
moreover, when the cat has been in the box for a long time, responses 


made later in the trial may supplant those made earlier. 
The most stable response is the one which ends in release from the box. 


In some instances this is a comparatively long series of movements ending 
in exit. The reason for its stability appears to be that escape removes 
the animal from the puzzle-box situation so that no reassociation may 
occur. All response series tend to recur, but some of them are lost when 
the animal remains in the box and is compelled to new action. The cat 
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learns to escape in one trial and will repeat the specific movements of its 
first escape except is so far as new trials by accidental variations of 
situation cause new associative connections to be established. A protracted 
trial breaks up the sequence of movements by superimposing new behavior 
in the same situation. Time, therefore, tends to be reduced with repetition 
(131, p. 41). 


It is not, of course, inevitable that the empirical facts upon 
which Guthrie bases the generalizations must be explained only 
by a contiguity-conditioning theory. Other theories can ade- 
quately embrace the findings. Yet, the relative simplicity of the 
theory has won it many adherents, and we shall very likely find 
it intriguing experimentalists for some time to come. No more will 
be said here about the contiguous-conditioning theory. The experi- 
ments to follow are concerned with the perceptual-learning and 


goal-reinforcement theories. 


Latent Learning 

The studies we shall examine under this heading probably 
represent as near “crucial” tests of opposed theoretical points of 
view toward learning as it is possible to devise at present. The 
opposed theories in question are the perceptual-learning and goal- 
reinforcement theories. The word crucial has been placed in 
quotation marks because the data as they stand today are contra- 
dictory; one set of data entirely supports one theory, whereas a 
different set just as strongly favors the other. The nature of the 
vhich each set of data has been derived is 


experiments from v 
somewhat different, but both are presumed to test the same basic 


proposition. Let us review this proposition. 

The perceptual-learning theory assumes that learning consists 
in the perception of relationships between stimuli. Simplifying to 
it baldest terms, if an organism experiences contiguously one 
set of stimuli, A, with another set B, which includes food, it will 
on Jater occasions expect B when A is present. The goal-reinforce- 
ment theory assumes that in order for stimulus A to be followed 
by a response which leads to B, A and the response must have 
been followed previously by motive reduction as a result of eating 


food at B. 3 ; 
It appears that here is a clear-cut difference in theory which 
can be put to crucial experimental test. If a rat goes from A to B 
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and gets no food, or does not eat food at B because he is satiated, 
learning should take place according to the perceptual learning 
theory and should not take place according to the goal-reinforce- 
ment theory. Experiments of this nature are called latent learning 
experiments. Latent learning would be learning which, in so far 
as E can tell, has taken place without reward being present. First, 
we shall consider studies which support the perceptual-learning 
theory and then studies which support the goal-reinforcement 
theory. 

Buxton’s experiment. Buxton (53) used several groups of rats 
in his experiment, but we shall consider procedures for only two 
groups since they will provide us with adequate knowledge of 
methods and results. A multiple-T maze with 12 choice points 
was the basis for the learning problem, A group of male rats was 
placed in the maze on three consecutive nights for about 16 hours 
each night. None of the rats had been fed and watered for several 
hours before being placed in the maze, so we may assume that 
they were quite hungry and thirsty before the night was over. 
The maze had the usual starting box and food box, but at no time 
during the three nights was food or water present in the maze. During 
the three nights the rats did, of course, explore the maze thoroughly, 
and descriptively we might say they had opportunity to get 
acquainted with it. 

Following the three nights’ experience, each rat was individually 
placed directly in the food box, then containing food, and after 
being allowed to eat for about 30 seconds, was removed from the 
food box and placed in the starting box. The question was: “Did 
the rats learn anything about the maze during the three rewardless 
nights?” 

To answer this question, it was necessary to have a control 
group which had had no initial experience in the maze. This 
group consisted of animals which spent three nights in a straight- 
alley maze located in the same room as the multiple-T maze. 
Placing the straight-alley maze in the same room gave the control 
group the same opportunity to “get used to”? the same noises, 
smells, lights, and objects outside the maze to which the experi- 
mental group was exposed. Thus the control group had exactly 
the same experiences as the experimental group except for 
multiple-T maze exploration. The control group was tested in 
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the multiple-T maze in the same fashion as the experimental 
group; first they were allowed to eat food in the food box and 
then they were removed to the starting box for their first run. 

If latent learning took place, we would expect the performance 
of the control group to be poorer than that of the experimental 
group. The first trial is the critical one. The results, in terms of 
number of errors made at each choice point for the two groups 
on the first trial, are shown in Fig. 76. Two facts stand out in 
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Fic. 76. Latent learning in a multiple-T maze. Data from Buxton (53)- 


ber of errors made by the control 
group is considerably greater than the total made by the experi- 
mental group, and (2) the number of errors made at each succes- 
sive choice point by the experimental group gradually reduces in 
frequency as we 8° from the first to the twelfth. This latter find- 
ing is indicative of the goal gradient with which we are already 
familiar (Chapter XI), for it shows that fewer errors were made 
by entering blinds close to the goal box than were made by entering 
blinds immediately after leaving the starting box. Since this 
phenomenon appears on the first rewarded trial, we must infer 
that learning had taken place during the nights the rats spent in 
the maze. 3 

Another aspect of the goal gradient is that the speed of locomo- 
tion of the rat increases as it runs from the beginning to the end 
of the maze. This evidence of learning was present on the first 
rewarded trial for the experimental group, but not for the control 


this graph: (1) the total numi 
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group. Thus, we have further evidence from which we must infer 
that learning had taken place before the first rewarded trial. 

On the surface these results may appear quite reasonable. Why 
shouldn’t the rats that had spent three nights in the maze know 
how to get around it? Why shouldn’t they run faster than the 
control group which had never been in the maze before? From 
the goal-reinforcement point of view, however, explanation of 
these results is not simple. The goal-reinforcement theorist must 
ask: “Where is the reward or the reinforcement which occurred 
during the nights the rats stayed in the maze?” According to this 
theory there must be motive reduction or symbolic reward of 
some kind before learning will take place. Certainly the rats were 
motivated—they were hungry and thirsty—but they got neither 
food nor water, and there is no reason to believe that secondary 
reinforcement of any.kind was present. These are the puzzling 
problems which the latent learning experiments of this type have 
raised. Let us consider another method of demonstrating latent 
learning before pursuing this problem further. 

Blodgett’s experiment. Blodgett (28) used a six-choice 
multiple-T maze and three groups of rats. The control group was 
given food after each trip through the maze. Another group went 
through the maze twice without being fed, and then on the third 
trial and every trial thereafter they were fed in the food box as 
were the members of the control group. A third group was given 
six runs without being fed and then on the seventh trial and every 
trial thereafter was fed. All groups were given one run per day for 
nine consecutive days. 

The mean errors of the first group, the group rewarded after 
each run, show the expected reduction in frequency from trial 
to trial for the nine trials. The second group showed a slight 
reduction in mean frequency of errors on the first three runs, but 
on the fourth run a rather large reduction in number of errors 
took place after having been rewarded on the third. The most 
striking results were shown by the third group. For seven trials 
there was only slight reduction in the number of errors. At the 
end of seven runs the animals were still averaging well over two 
errors per run (three would be chance in a six-choice maze), 
whereas the other two groups were averaging about +25 errors 
per run. However, on the eighth run, after having been rewarded 
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on the seventh, the third group showed a striking reduction in 
the number of errors, and by the end of the ninth run this group 
was performing as well as the other two groups. Jt would appear 
that learning had taken place during the first six runs even though it was 
not demonstrated in the error measurement on those days. When food was 
given, the latent learning showed itself. 

Blodgett’s and Buxton’s findings, taken in conjunction with the 
results of other similar experiments, are strong evidence for the 
perceptual-learning theory. Learning appears to take place with- 
out reward; all the organism has to do is experience stimuli con- 
tiguously. According to a goal-reinforcement theory, no learning 
should have taken place on the rewardless runs of these experi- 
ments. Goal-reinforcement theorists have not as yet offered a 
satisfactory explanation of these findings. In support of such a 
theory we might say that there must have been rewards which 
were “hidden” or secondary in nature. If we did offer this ‘“‘ex- 
planation,” however, we would be inviting the serious criticism 
that such a position is untestable. For, we would in effect be 
saying that we do not have to identify rewards, i.e., we merely 
beg the question by assuming they are present when learning 
occurs. This, of course, we cannot do. On the other hand, it would 
be good scientific procedure to state an hypothesis as to the nature 
of the reward (or punishment) in the latent learning situation 
and then proceed with an experimental test of this hypothesis. 
Since this has not been done, we must conclude that the goal- 
reinforcement theory does not yet explain the results of the above 
experiments. 

Let us turn to other experiments which provoke the same kind 
of unrest and doubt in the perceptual-learning theorists as do the 
above experiments in the goal-reinforcement theorists. 

The Spence-Lippitt experiment. Spence and Lippitt (364) 
used a simple Y-maze as shown in Fig. 77. During training all 
rats were satiated for food but were thirsty for water as a con- 
sequence of 18-hour water deprivation. The right alley of the 
maze always led to water for all animals. For 10 animals, the left 
alley led to food whereas for 10 others the left alley led to 
nothing except the end box. In no case did the animals of the 
first group eat the food in the left end box, since they were 


thoroughly satiated. However, when the animals in both groups 
r POQ 
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took the right alley they were rewarded by being allowed to 
drink water. Both groups of rats were given 5 trials a day for 12 
days. 

Let us note the rationale of this experiment. When any animal 
took the alley to the right, it would be rewarded with a drink of 
water. When the members of one group of ro animals went 
down the left alley and saw the food, they would not eat be- 
cause they were satiated. However, the stimuli of the left alley, 
Goal Box flowed by the experience of seeing 

food, should produce learning to the 
effect that “‘left alley leads to food” 
according to the perceptual-learning 
theory. The 10 animals which found 
no food at the end of the left alley 
should also learn, according to a 
perceptual-learning theory, but they 
would learn only that “left alley leads 
to box.” After training had taken place 
in both alleys, Es had to determine 
whether or not such learning as pre- 
dicted by the perceptual-learning 
theory actually took place. 

Fic. 77. Simple Y-maze A methodological difficulty which 

egy Spence pod Lippitt Spence and Lippitt faced in this ex- 

periment should be discussed. Regard- 
less of the theory to which one adheres, motivation is held to be 
an important determinant of responses. By any theory one would 
predict that the rats in the present experiment would, when 
satiated for food and thirsty for water, learn quickly to take the 
path leading to water. Such being the case the animals would get 
overwhelming experience of the alley leading to water as compared 
with the other. In order to give both groups of animals experience 
in going down the left alley, the water alley was blocked half the 
time. By forcing the animals to run to the left half the time, both 
alleys were experienced equally. As an added precaution, the door 
leading to the left alley was sometimes closed so that the animals 
would experience runs to the right alley with the left alley blocked, 
as well as runs to the left with the right alley blocked. 

The critical point of the experiment came on test trials when 
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the animals were satiated for water but hungry for food. Thus, the 
motivating conditions were just the opposite of those which 
prevailed during training. What are the differences in the predic- 
tions which would be made by the two theories on the test runs? 
The goal-reinforcement theory would say that the rats in both 
groups would take the alley to the right—they would execute the 
response for which previously they had been rewarded. The 
perceptual-learning theory would predict that the rats which had 
seen food at the end of the left alley on the forced runs would 
now take that alley when hungry; seeing food in perceptual con- 
tiguity with the stimuli at the choice point would be enough to 
provide learning. It would not be predicted, of course, that the 
group of rats which had seen only the empty end box would take 
the left path. 

The results show that on the first test trial all animals of both groups 
took the right path—the path leading to water. These results are exactly 
what would be predicted by the goal-reinforcement theory and 
quite the opposite of the prediction by the perceptual-learning 
theory. Furthermore, both groups were given additional learning 
trials under the food-motivated condition. The perceptual learning 
theorist would say that at least the group having had experience 
in going down the left alley and perceiving food would learn this 
response most rapidly. The results show that both groups learned 
this habit in about the same length of time, so this prediction is 
not substantiated. These findings heavily favor a goal-reinforcement 
theory and are quite contrary to predictions of a perceptual- 
learning theory. 

Three additional experiments of the general nature of the 
Spence-Lippitt study have been performed and all three support 
the original findings (123, 194, 395). In these later experiments 
special precautions were taken to assure that during training 
trials the satiated rats saw the food even though they did not 
eat it. In one of the studies (123) the rat took either of the two 
alleys to get water but there was food in only one goal box, this 
food being scattered profusely over the floor of the box so that 
the animal literally had to wade through it to get to the water 
bottle. Still, on test trials, when the animals were hungry but 
not thirsty, no evidence was obtained indicating that the animal 
had learned anything about how to get to food. 
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One incidental finding of these studies is that the sight and 
smell of food does not seem to provide any appreciable secondary 
reinforcement when the animal is motivated for water. In view 
of the fact that in home cages food is typically present when the 
animal drinks water, such secondary reinforcing properties might 
be expected. Since this situation is conducive to the development 
of symbolic rewards, we might assume that the left alley response 
would be strengthened somewhat as a consequence of the rat’s 
seeing food (see Brogden’s experiment in Chapter VI). That there 
was no difference in the performance of the two groups of animals 
used by Spence and Lippitt indicates that seconda 


property of food in the left alle 
situation. 


ry reinforcing 
y was of small consequence in this 


One further set of data should be mentioned. Meehl and 
MacCorquodale (251) carried the Spence- 
step further. Rats were placed in a simple 
for both food and water. Food was placed 
of the maze and water at the other. Altho 


slow because of lack of a dominant motive, 4 trials a day were 
completed for 10 days. Half the runs were to the water end and 


half to the food end, the runs being forced when necessary in 
order to maintain the 50:50 ratio. The 24 animals thus had experi- 
ence in going to food (but not eating) 20 times and going to water 
(but not drinking) 20 times, Following this training, half the rats 
were satiated for water and made hungry for food and the other 


half were made thirsty for water while satiated for food. Did the 
meee i j 


Lippitt procedure one 
T-maze while satiated 
at the end of one arm 
ugh the “running” was 


The results show that some | 
animals responded correct! 
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— Their explanation is too complex to justify inclusion 
5 What are we to make of these two sets of experiments, one set 
favoring one theory, the other set favoring another? There seems 
to be no answer to this question at present. The findings of the 
the burden of explanation 


place when the animals were 
no incentive. The learning took place 
experiment when the animals were motivated for water and 
received water incentive, but failed to take place when the rats 
were not motivated for food although the food incentive was 
present. The rat was given much more freedom of discovery (and 
the maze was more complex) in the Buxton and Blodgett procedure 
than it was in the Spence-Lippitt method. It is difficult at present, 
however, to proceed from the recording of such differences to 
account for the obtained results. Apparently we must at present 
conclude that the two sets of data are contradictory as far as the 


theories go. Probably we may also conclude that this situation will 
be quite provocative of additional research. 


Place Learning 
, We have seen that the 


A demonstration of place learning 
izes the directional and place 


perceptual-learning theory emp ; 
nature of any learning which requires locomoti 


When an animal learns to 8° ‘through a maze, it does not learn 


merely to make a right turn here, or 4 left turn there, but rather 
tends to learn that in relation to its present position in the starting 
box the goal box is “over there.” The locomotion and turning 
are merely means to an end; what is learned is the spatial relation- 
ships among various path stimuli, stimuli outside the maze, and | 
goal-box stimuli. 

It is fairly well recognized that maze learning may involve a 
great many cues outside the maze, such as lights, walls, and other 
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constant stimuli which can be perceived by the animal. These 
stimuli, according to the theory, allow the rat to build up place 
knowledge and learn that the goal box is under that light or close 
to the window. Such inferences can only be drawn by manipulat- 


Food Box 
O Olight 
Start 3 


Fio. 78. Elevated mazes used by Tolman, Ritchie, and Kalish (387) in their 
demonstration of place learning. The fan-like lines on the test maze are intended 
to represent alternative paths similar to the one shown with both walls. 


ing conditions under which a rat learns a maze until these in- 
ferences seem plausible. During the last few years there have been 
several studies in which just such manipulations have taken place. 
We will sample these studies. First, let us cite one of a series of 
studies by Tolman and his students (387) which demonstrates what 
is meant by place learning. 


ne 
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To understand the demonstration we must understand the 
apparatus. It consists of two parts, the training maze and the test 
maze. The training maze (elevated) is shown in the upper part 
of Fig. 78. The only part of the maze that was enclosed is that 
portion leading from the round table. Note the light (a five-watt 
bulb) which was placed near the goal box as the only source of 
illumination in the room. Initially the rats were trained to run 
from the starting point to the goal box. This was largely a matter 
of getting the rat adapted to the situation, since there are no 
blind alleys. Adaptation was gradual, in that initially the rat was 
fed in the goal box, then given short runs to the goal box, and 
finally given five complete runs through the total length of the 
maze. 

The test maze is shown in the lower portion of Fig. 78. All the 
alley beyond the circular portion has been removed except the 
sided portion leading from the table. A radial series of 18 alleys 
now leads off from the circle. All these alleys are 6 feet long, 
except alleys 13 to 18 which were restricted because of the size 
of the room. The alley which the animal originally took was 
blocked. The question concerns the alley which the rat will choose 
to go through on its first and only test trial. 

Three of the 56 animals made no choice within 6 minutes and 
were therefore discarded. Typical behavior of the other rats 
involved going first into the blocked alley, then returning, explor- 
ing the round portion, and tentatively entering at least one other 
alley before entering one completely. If a rat took one of the six 
short alleys, it was allowed to come back to the table top to choose 
another. The test trial was considered completed when an animal 
reached the end of one of the 12 long alleys. The per cent of rats 
taking each alley is shown in Fig. 79. Alley six was the alley 
which pointed most directly to the point where the food box 
had been previously, and clearly, as compared with other alleys, 
this alley was taken with greatest frequency (36 per cent). It is 
the shortest path to the goal which was not there. Let us quote 


Es’ conclusion: 

e rats) selected the shortest path indicates that 
he preliminary training was not a mere response 
that this particular path led to the goal. 
ition to orient towards the physical location 


The fact that they (th 
what was learned during t 
sequence, or an expectation 
They learned, instead, a dispos 
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of the goal. Because of this we have chosen the word “expectation” as the 
name for this orientational disposition (387, p. 23)- 


w 


‘est Trial 
3 8 


g Alley on Ti 


= 
o 


Per cent Rats Takin 


iz wis 87 6 8 4 CEI 
Test Maze Alley 


Fic. 79. A demonstration of place learning. Data from Tolman, Ritchie, and 
Kalish (387). 


Place learning vs. response learning. The above quotation 
indicates these adherents of place learning theory believe that 
learning is much less specific than is implied by a person who 
says that a rat learns to make this particular response at this point, 
another at the next point, and so forth. In pursuit of a test of 
these two opposed interpretations, Tolman, Ritchie, and Kalish . 
(388) devised a situation which they believed would separate 
place learning from response learning. The maze pictured in 
Fig. 80 was the basis for the experiment. The two food boxes, 
Fi and F2, could be reached from two starting boxes, Sr and S2. 
When the rat was placed in Sı the response rewarded was a 
right turn; if the animals took the path to F2 they found no food. 
If the animals were placed at S2, the rewarded response was that 
of taking the F2 alley, Fr yielding no food. Note that irrespective 
of the starting box in which the rats were placed, the correct response 
was a right turn at the choice point. These conditions held for the 
response-learning group of animals. 
A second group of rats was trained as a place-learning group. 
For half the -nimals in this group the rewarded response was 
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going to F1, whether they were started at Sı or Sz. The other 
half of the animals was rewarded at Fe, whether started at Sr or 
S2. In both groups of place-learning animals, the correct response 
required a right turn half the time and a left turn half the time, 
but always, whether right or left, it required going in a constant 
direction. In the second group the emphasis was upon getting 
to a certain place whereas in the first group the emphasis was 
upon making right turns. 


st 


Fia. 80. Elevated maze as used by Tolman, Ritchie, and Kalish in their study 
of place learning vs. response learning (388). St and S2 indicate starting points; 
Fı and F2 indicate food boxes. 


The first group, the right-turning group, was run for 12 days 
with 6 trials per day. Out of eight rats only three reached a criterion 
of ten successive errorless trials. The other five rats developed a 
tendency to go always to the same place—F1 or Fe—and as a 
consequence they continued to make 50 per cent errors since the 
“place” was correct only half the time. In contrast, the second 
e no further errors after an average of only 3.5 trials 
o to the correct place. Thus, the results 
Jearning theory rather than a specific 


group mad 
—they rapidly learned to g 
would seem to favor a place- 
turning-response theory. 
The Blodgett-McCutchan interpretation. Blodgett and 
McCutchan (29) questioned the interpretation which Tolman, 
Ritchie, and Kalish gave their results. Blodgett and McCutchan 
believed it was possible that the so-called response-learning group 
actually might have been learning two alternate place responses, 
one to go to F1, the other to F2. This would make the task more 
difficult than learning a single place response, as was required of 
the second group. In short, Blodgett and McCutchan did not 
believe Tolman and his students had clearly separated response 
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learning from place learning. The experimental conditions which 
we shall report now tend to support the validity of thcir 
disbelief. Sc . 

Blodgett and McCutchan arranged four conditions, using a 
separate group of rats for each condition. The first condition 
was designed to make response learning a necessity if the animal 
was to learn. The apparatus was a simple T-maze, set under a 
circular dome. The walls of the dome were homogeneous. A 
single lamp was placed in the center of the dome, and a rheostat 
permitted dimming the bulb until the room was almost dark. To 
run the trials it was first necessary that E remain in the room for 
15 to 20 minutes to get dark-adapted. When so adapted, E could 
barely see the outline of the rat. Under such conditions it was 
supposed that the rat could get practically no extra-maze cues. 
Furthermore, the position of the maze was changed from trial to 
trial so that even the very dim light could not have aided the rat. 
The animal, functionally speaking, was blind. Furthermore sounds 
were at a minimum and odors were random. If the rat learned, 
it would learn largely through proprioceptive and touch cues and 
not through place stimuli mediated by distance receptors. 

The trials were given by having an assistant pass the rats to E 
through a door and record errors and correct responses as reported 
by E after each trial. Each rat was trained to make a specific 
turning response (right or left) by rewarding that response 
only. Animals were tested initially, in order to determine the 
turning preference of each, and on learning trials were re- 
warded for making opposite turns. Thus, if an animal showed 
an initial right turning bias, during the training he was rewarded 
for making left turns in the maze. Let us call these animals 
Group I. 

Group II also learned in the T-maze set under the dome. How- 
ever, the light on the dome was on at its full wattage (75 watts) 
and the maze, placed to one side of the light, always remained 
in a constant position. Under these conditions, the animals could 
learn either a place habit (toward or away from light) or a specific 
response (right or left turn). 

Two additional groups of rats were run in another room under 
conditions very sinflar to those used by Tolman, Ritchie, and 
Kalish, and the results of these Es were substantiated. However, 
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the important finding of the Blod tt-McCutchan i 

that Groups I and II learned sanity well (Fig. ach TASAS 
tions of Group I were such that the animals in that group must 
necessarily have learned responses to proprioceptive and touch 
cues. The members of Group II might have learned by such cues. 
or by the place location of the goal box, i.e., its relation to the 
light. The fact that the members of this group learned no ane 


Group | (Response Learning) 
m ----Group I! (Place Learning) 


Mean Dally Errors 
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Days 


in a simple T-maze. Estimated 


Fio. 81. Place learning vs. response learnin; 
fom Blodgett and ‘McCutchan (29). 


rapidly than did members of Group I suggests that place learning, 
if used by members of Group II, was no more efficient than response 
learning, and if not used, it shows that rats did not necessarily 
“prefer” place learning. 
These experiments on p 
to show us the differences in 
methods which have been us 
findings imply that no critical 
another will be found by suc 


is reason. to believe that the pr 
theory and those of a perceptual-learning theory would not neces- 


sarily differ on these matters. A goal-reinforcement theory does 
not imply that responses cam arned to stimuli outside the 


lace and response learning are sufficient 
points of view and to demonstrate 
ed to test those differences. The 
results in favor of one theory over 
h experiments. Furthermore, there 
edictions of a goal-reinforcement 


not be le 
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maze as long as responses to those stimuli are rewarded. If an 
approach response to a light stimulus is rewarded by food in a 
box near the light, that response (approaching light stimulus) 
gains strength. Similarly, there is no reason why a perceptual 
learning theory cannot assert that the animal learns the significance 
of proprioceptive stimuli to the food stimuli. In short, it does not 
appear likely that place vs. response learning is going to provide 
critical data for theories in the sense that the latent learning studies 
have provided such data. 


The Spread of Effect 


This phenomenon known as spread of effect will have to be treated 
briefly and without arriving at definite conclusions. We cannot, 
however, pass it by in even a brief treatment of theories of learning. 
The fact that we shall be unable to cover adequately the numerous 
ramifications of the spread of effect speaks for the number of 
varied experiments which have been performed on it. 

The spread of effect is one of Thorndike’s (379) discoveries. Let 


us take a simplified illustration of the operations which are necessary ° 


to define it. As S, you are instructed as follows: 


I am going to read you a series of words. To each word I have assigned 
a number between one and ten. After I read each word you are to guess 
a number between one and ten. If your guess is correct I will say “Right”; 
if your guess is incorrect I will say “Wrong.” I will read through the 
entire series of words, and then repeat it. Your task is to learn as many 
of the correct numbers as possible. - 


E, by a pre-arranged plan, has “rights” and “wrongs” arbitrarily 
assigned to words regardless of what S says. Let us say that we 
have nine words, and E has determined beforehand that he is 
going to say “right” or “wrong” to each word as indicated: 


Stimulus Words E’s Responses 
JAY wrong 
80D wrong . 
RUM wrong 
BET wrong 
CAP right 
KID wrong 
TUG wrong 
80N wrong 


SAW wrong 
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Regardless of what number $ gives as a response to the stimulus 
JAY, E’s response will be “wrong.” Regardless of what response 
is given to CAP, E’s response will be “right.” E records each 
response given by S. On the second trial the same procedure is 
followed, except, of course, the response which was given the first 
time to the stimulus CAP remains the correct response to that 
word. 

Two trials are enough to define spread of effect. We ask the 
question: “On the second trial what was the per cent of repetition 
of each response which was 
wrong on the first trial, and 
what was the per cent of 
repetition of the right re- 
sponse ?” If a great many Ss 
are used, the mean per- 
centages become fairly sta- 
ble, and it will be found 
that the per cent of repe- 
tition of the response to 


m 
a 


* Per cent Repetition Above Chance 
o E 


CAP is the highest of all. a TOE 
This is as we would expect, z333 2 283 
wwww ew w WwW W 


since we have accepted the i 
fact that rewards (by some amt 
mechanism) enhance per- “Wrong”; R indicates that E responded 
formance. The data on the . 

repetition of the “right” 
response presumably demonstrate the operation of the law of 
effect. But now, we calculate the per cent of repetition of the 
wrong or punished responses, and we discover that the punished 
responses next to the rewarded responses are repeated more often 
than chance would allow. Furthermore, we find that the more 
remote a punished response is from a rewarded response, the 
closer the frequency of repetition is to chance. This gradient of 
repetition of punished responses around a rewarded response is the 
spread of the effect. : 

Using the nine stimuli above, we may graph the expected find- 
ing as in Fig. 82. The figures along the ordinate are hypothetical 
but represent a fairly characteristic frequency of repetition for 
each position. The gradient is drawn symmetrically, although 


’ 
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usually the repetition of punished responses following the rewarded 
response is somewhat higher than for those preceding it. It may 
be noted that the frequency of repetition above chance is not 
great, a matter of a few percentage points, but the fact that such 
gradients have been found rather consistently leaves no doubt as 
to their validity. 

We have simplified the situation somewhat. Usually Æ will use 
many more words, at least 20 and more, probably 60 or 70, and 
repeat the pattern of a “right” flanked by four “wrongs” several 
times. The words will be read at the rate of one each 2 or 3 seconds 
and of course it is very difficult for S to attempt to remember 
specific responses from one trial to the next. Also, in most of the 
experiments the series has been repeated more than twice, but the 
computation and interpretation are much simpler if E gives only 
two presentations. 

What is the significance of the spread of effect for learning? 
It was Thorndike’s belief that the spread of effect represents the 
automatic action of reward, not only in strengthening the response 
which it follows but also in strengthening any responses which 
were contiguous to it. By making the list long, S could not 
remember the wrong response given to a stimulus on the preceding 
trial. The fact that this response tended to be repeated when 
contiguous to a rewarded response suggested the automatic 
influence of the reward. 

As previously indicated, there can be no doubt as to the 
authenticity of the finding under the conditions which Thorndike 
and others have used. However, several’ Es have challenged 
Thorndike’s interpretation of the finding and have proceeded 
to show how the phenomenon is influenced by many factors and 
how it might be explained by other means. They do not seriously 
challenge the strengthening effect of the reward on the rewarded 
connection, but they do question the interpretation which says 
that the frequency of punished repetition is to be attributed 
directly to the reward. Let us mention just a few of these findings. 
If Ss are not instructed to learn or remember correct responses, 
there will be no strengthening of rewarded or punished contiguous 
responses (396). The occurrence or non-occurrence of the spread 
is a function of the degree of similarity of the rewarded items 
with contiguous items; the less the similarity of rewarded and 
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flanking items, the greater is the spread (427). Some evidence has 
been found to show that at least a portion of the forward gradient 
may be explained on the basis of number-series biases (181). 
Thus, if the rewarded response were four, S was more likely to 
say certain numbers following four than he would others. Perhaps 
4-621 was S’s favorite telephone number or part of the sequence 
of his army serial number. In any event, we cannot assume that 
each number is a product of chance frequency. Thus, there is a 
problem concerning the true base line above which the repetition 
can be said to be greater than would be expected without the 
rewards and punishments. 

In drawing Fig. 82 we mentioned nothing concerning the base- 
line which should be used to calculate frequency of repetition 
above chance. What should this be? We know that it cannot be 
a sheer chance basis, that is, one in ten if there are ten numbers. 
Number biases rule this out. Furthermore, Ss are probably un- 
likely to repeat a number given for the immediately preceding 
stimulus. It seems clear that the baseline must be established on 
an empirical basis; we might use a control group or control 
condition in which we discover the frequency of repetition from 
trial to trial without E’s responding “right” or “wrong.” Then, 
under a condition on which Æ does respond “right” and “wrong,” 
we may discover how much greater the frequency of repetition 
is above “empirical” chance. 

But is this the correct baseline? That is, is it correct to discover 
the expected repetition by Æ’s not responding at all? Probably - 
not. If we wish to discover the influence of a “right” on con- 
tiguous punished responses, our best estimate of frequency of 
repetition without the “right”? would be determined by £’s saying 
“wrong” to all responses. This, compared with repetition when 
one in nine responses is rewarded (“right”), would give us the 
estimate of the influence of the “right” on contiguous punished 
responses. 

We should also mention that since the words are repeated in 
the same order on the two or more trials which are given, serial- 
position effects (the bowed serial-position curve) would also be 
expected to have some influence on frequency of repetition. If 
the baseline is determined empirically, this is taken into account 


automatically. 


83 
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Is there an effect produced by saying “right”? Yes. Thorndike’s 
long series of experiments leaves no doubt that such rewards tend 
to strengthen correct responses, although we cannot say that 
such rewards will inevitably produce strengthening. Is there 
direct spread of effect to contiguous punished (or non-rewarded) 
connections? The evidence is inconclusive. 


The Rôle of Frequency 

When we speak of the réle of sheer frequency, we are again 
speaking of the problem of learning in the absence of rewards 
and punishments. We have seen that some of the latent learning 
experiments suggested that learning seems to take place merely 
by repetition of a behavior sequence. But other experiments which 
we reviewed suggested that learning would not take place merely 
as a consequence of frequency. Let us briefly. examine data on 
human learning. We may turn to Thorndike’s work for an illus- 
trative experiment (378, Exp. 5). 

S drew lines of specified lengths with no information as to 
accuracy and without ever seeing the lines he drew. He attempted 
to draw lines 2, 4, 6, and 8 inches long and made 950 attempts 
for each length. A study of the length of lines actually drawn 
showed that there were gradual shifts in the length of these lines 
from time to time. If on the first 100 attempts to draw a line 2 
inches long the mean of the lines actually drawn was 21/, inches, 
this result did not mean that 21/, inches would therefore be the 
line length most likely to be drawn on the next roo tries. Thus, 
even though drawing a 21/, inch line was the most frequent response, 
that response was not fixated as a consequence of the great frequency 
given it. 

With humans it is not easy to arrange a situation in which 
repetition of a stimulus-response sequence is provided without 
consequences or, rather, with a neutral consequence. Thorndike’s 
many experiments have probably approached the criterion of 
neutral consequences as nearly as possible, and his results have 
consistently shown little or no increase in the strength of associa- 
tive connection as a result of sheer frequency of repetition. 
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The Rôle of Contiguity 

We have seen that theories of learning differ regarding the 
events which are held to be of necessity contiguous in time, in 
order that learning will take place. Conceptually, contiguity 
must be taken to mean simultaneity, in that two events, to become 
associated, must overlap. When we increase the time interval 
between stimulus and response (or between response and con- 
sequence), we do not change our conception of overlapping events. 
From the fact that two events do not necessarily have to overlap 
objectively to become associated, we infer that the first has left 
a trace. Trace is a theoretical construct and need not be thought 
of as physiological in nature. By increasing the time interval 
between the first and the second event we presume to reduce 
the strength of the trace of the first when it overlaps the second. 
Whena trace “dies out” so that it does not overlap a succeeding event, 
the two obviously cannot become linked in causal relationship. 
When an interval between events is of such length that no learning 
takes place, we presume that there has been no overlapping of 


pertinent events or traces thereof. 

Thus contiguity remains largely an empirical problem of 
demonstrating the limits of learning and gradients of efficiency 
of learning as a function of ( 1) the interval between response and 
reward, and (2) the interval between stimulus and response. To 
date this work has been almost entirely concentrated at the simpler 
ls of learning. The symbolic capacity of human adults and 
ry rewards make it a very difficult problem 
titative manner at the level of complex 


leve 
the operation of seconda: 


to attack in a precise quan 
learning. 


A SUMMARY OF CENTRAL PROBLEMS OF FUTURE 
RESEARCH 


At various points throughout the last four chapters we have 
pointed out problems which seem quite likely to engage Es in 
the near future. Let us summarize these problems. 

1. We are just beginning to realize the importance of secondary 
nt brought about by symbolic rewards; symbolic 


reinforceme. é 
occurs. Suppose we built a secondary 


punishment no doubt also 
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reward value “into” a food box. Will that food box serve as a 
reward for a rat satiated for food but thirsty for water? How 
specific to a given motive are secondary rewards? Are secondary 
rewards and punishments always of less consequence than primary 
rewards in animals? In humans? Symbolic rewards in animals 
may account for a great deal of behavior which is not at present 
easily interpreted. 

2. The effects of punishment on learning still remain ambiguous. 
Thorndike’s work (380) has led him to conclude that punishment 
does not directly weaken responses which it follows, but will 
tend to make for varied behavior, thus increasing the probabilities 
of hitting upon the correct response. Some evidence we have 
examined, (Fixations, Chapter VIII), suggests that punishment 
properly manipulated may actually strengthen responses. There is 
also some evidence that punishment may strengthen responses in 
a relatively non-traumatic situation (cf., Stone, 368). The effect 
of punishment on learning must in part be a function of the 
particular situation and what the organism is able to do in the 
situation when punished, but we have no clear-cut evaluation of 
differences in these situations. Human adult responses may per- 
severate even though punished, as seen in some neurotics, criminals, 
alcoholics, and sex perverts. We may say that there are “really” 
rewards in these cases and there may well be, but that only makes 
the problem of factoring out the relative effects of multiple 
consequences (both rewards and punishments) more difficult. 
(cf., Mowrer and Ullman, 276, for a discussion of these problems.) 
The whole problem is further complicated by the temporal order 
of multiple consequences. What happens if we give reward followed 
by punishment? Punishment followed by reward? Many problems 
of punishment await empirical investigation at all levels of learning 
complexity. 

3. Several findings have been difficult for goal-reinforcement 
theories to cope with, e.g., sensory pre-conditioning (Chapter 
XI), partial reinforcement (Chapter XI), and latent learning, and 
the next few years may very likely see further experimental work 
or revision of theory concerning these problems. 

4. Pseudo-conditioning (Chapter XI) has forced a revision of 
methods of calculating amount of true conditioning, but it also 
has posed an interpretive problem. The best evidence at present 


THEORETICAL PROBLEMS 507 


is that it involves generalization, but much more experimental 
work is needed. 

5. In multiple-response serial learning, the nature of remote 
associations and the explanation of the bowed serial-position curve 
represent challenging problems. The current activity on spread 
of effect in serial lists augurs well for a fairly complete analysis 
of this phenomenon in the near future. Intra-task similarity is 
in need of much further experimentation, since probably its 
potency as a determinant of rate of learning has been largely 
overlooked. 

6. It is to be hoped and probably to be expected that there will 
be a gradual movement of research concentration toward the 
more complex forms of learning, especially thinking. 

7. Since this book is concerned with environmental variables 
manipulated by E, we have concerned ourselves neither with 
problems relating to individual differences, nor with forms of 
naturalistic observation wherein E observes learning behavior as 
it occurs naturally during the normal course of events. Very little 
of the latter type of research has been attempted and it may be, 
as Hilgard has suggested (151), that we could learn a great deal 
about learning if we followed a child around for several hours, 


noting everything he did. 


SUMMARY 


1. We have given illustrations of the ways in which current 
learning theories differ in their guesses as to the characteristics 


of the processes which constitute learning. 
2. The discussion was organized around what we called primary 


variables. These variables are presumed to be critical variables 
in that without a certain minimal amount of each, no learning 
will take place. The primary variables were: (1) motivation; 
(3) frequency; (4) contiguity. We referred 
he previous chapters on learning as 
y affect the rate of learning only 


(2) consequences; 
to the variables studied in t 
secondary variables in that the 


within limited amounts. 
3. Three learning theories, goal-reinforcement, perceptual- 


learning, and contiguous-conditioning, were evaluated as to their 


handling of the primary variables. 
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4. Experimental studies designed to test the validity of the 
theoretical points of view were sampled. The experiments included: 
(1) tests of the contiguous-conditioning theory; (2) latent learning; 
(3) place vs. response learning; (4) spread of effect; (5) the réle of 
frequency; and (6) the réle of contiguity. 

5. Finally, we summarized what appear to be the main topics 
for future critical research. 


CHAPTER XV 
Forgetting — Retention 
ee 


INTRODUCTION 


It cannot be denied that forgetting is an important practical 
problem in everyone’s life. It is also one of the most irritating of 
all psychological phenomena because not forgetting is esteemed 
and rewarded so highly in our society. By reason of failure to 
recall a man’s name we commit a social blunder; for our inability 
to remember who discovered America we lose the esteem of our 
colleagues as well as 64 dollars; for failure to regurgitate the 
professor’s ideas at examination time we fail a course. 

The dual title given this chapter indicates that. there are two 
ways of regarding measurements of the same psychological process. 
Retention is a term referring to the positive aspects of memory, 
forgetting, a term referring to its negative aspects. Retention and 
forgetting are thus reciprocal terms for the quantitative aspects 
of memory, with retention indicating the amount remembered 
under specified conditions and forgetting the amount not remembered 
under the same conditions. 

Learning and forgetting. The study of conditions which 
influence forgetting (or retention) logically follows the study of 
learning. Having required S to learn a response to a given degree, 
or having asked him to repeat a response N times, we should 
concern ourselves next with the conditions which cause the func- 
tional strength of that response tendency to decrease. Indices 
of forgetting are obtained by measuring the strength of response 


tendencies a given time after learning to a criterion. In most cases 
the measured strengt 


h of response will be less when time is allowed 
to elapse following le 


arning than at the time of reaching 
the criterion. The amount of forgetting is indicated by the 
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difference between scores at the end of learning and after the 
lapse of a specified interval. ' ae 

Although learning implies “gain” and forgetting “loss,” a little 
reflection will show that consecutive measures of performance 
increment (from which we infer learning) also indicate what is 
not forgotten from trial to trial. In verbal learning, for example, 
the number of correct responses given on a trial indicates the 
amount retained of the learning which took place on the previous 
trial or trials. The performance measurements from which we 
infer learning are actually retention measurements. As a con- 
venience we speak of measuring retention and forgetting some- 
time after learning, but we recognize that we are not thereby 
isolating psychological processes. This recognition allows us to 
establish an extremely important predictive principle. Let us 
examine this principle and the rationale for it. 

Predicting forgetting from learning. The process which 
causes forgetting is not initiated only after learning ceases; it is 
present during learning but becomes clearly evident only when 
active learning stops. We may assume that two processes are 
involved in learning as we record it. One of these processes tends to 
strengthen response tendencies (learning) and the other to weaken 
response tendencies (forgetting). When we measure an incre- 
ment in performance we are measuring the net effect of two 
simultaneous processes, with learning greater in magnitude ‘than 
forgetting. The reverse of this may be seen in individual learning 
curves in which performance decreases temporarily. At least a 
portion of this decrease may be attributed to the temporary 
superiority of the forgetting process. Indeed, it may be assumed 
that without the concurrent forgetting process during acquisition 


of a response, the rise in the learning curve would be markedly 
accelerated. . 


From slow learning we may infer a forgetting process of 
greater magnitude than we infer from fast learning. Since the 
forgetting process continues after active learning, we arrive at 
a prediction of rate of forgetting from an observation of the 
rate of learning: when learning is rapid, forgetting will be slow, 
and when learning is slow, forgetting will be rapid. This principle, 
while not universal, holds over a wide range of conditions and 
if kept in mind will greatly facilitate the study of forgetting. 


-r ee 


FORGETTING—RETENTION 5II 


Variables which influence the rate of learning may be expected to 
influence also the rate of forgetting; variables which increase the 
rate of learning will decrease the rate of forgetting. 

Plan of chapter. In studying forgetting we need no introduc- 
tion to the materials used, since for obvious reasons these are the 
same as in studying learning. Usually, multiple-response tasks 
have been used, only a small amount of work having been done - 
on retention of conditioned responses and thinking responses. 


The three main sections of this chapter are: 


1. Methods of response measurement 
2. Variables influencing rate of forgetting 


3. Theory 


METHODS OF RESPONSE MEASUREMENT 
d forgetting is complicated 


The measurement of retention an 
methods which have been 


somewhat by the several different 
employed, since each method yields a different quantitative score 


and more than a single method may be used in one experiment. 
Let us consider separately the methods currently used. 

Recall measures. Recall is the most commonly employed 
measure of retention. To secure this measure S is presented with a 
stimulus and is asked to call up the response which had previously 
been attached to it. Usually the strength of the stimulus-response 
tendency has been developed to a known degree before the re- 
tention test is given. The stimulus which is presented . to elicit 
the expected response may be very specific or very general, de- 
pending upon the material ‘used. With paired associates the 
retention test would be given by presenting the series of specific 
stimuli one at a time and instructing S to give the response which 
had been previously associated with each. A limited time for 
recalling the responses may or may not be imposed. The stimulus 
may sometimes be very general as wlien S is given the name of a 

em and asked to write down or recite the full poem. 

The recall method is sometimes used in studying the reproduc- 
tion of figures or designs and in this context it is called the method 
of reproduction. S is shown a design for a short period of time, 
and after the design is withdrawn asked to reproduce it as nearly 
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as possible. Successive reproductions after various intervals provide 
indications of the changes which may take place in retention of 
the design. : 

Relearning measures. After a task has been learned to a given 
criterion, forgetting may be measured after a lapse of time by 
determining how much time or how many trials it takes to re- 
learn the task. Comparison of the original time to learn with the 
time to relearn shows how much was retained from previous 
learning. This comparison yields what is commonly called a 
savings score. If 20 minutes were required originally to learn a 
task and 5 minutes to relearn the same task, a saving of 75 per 
cent results. If it took 20 minutes to relearn, the saving would be 
o per cent, forgetting would be 100 per cent. The smaller the 
saving the greater is the forgetting and the less the retention. 
This method dates back to Ebbinghaus. It is still used extensively 
in memory studies, and often is employed concurrently with 
recall measures, since experiments may be arranged so that S 
continues after the test of initial recall to re-mastery with no halt 
in the experimental procedure. 

Recognition measures. Suppose S has learned a specific group 
of words. If we place those words among a group of new words, 
how many of those learned will he identify correctly? The number 
correctly identified defines a recognition measure of retention. 
As can be seen, this measure is subject to considerable variability 
depending upon the relation of the learned material to the new 
material into which it is imbedded. For example, let us take 
an extreme case. If we required S to learn a list of adjectives 
and then placed the adjectives among a group of nonsense 
syllables, S would probably show very small loss in retention. 
Obviously the similarity of the test material to the other material 
is an important variable which determines the recognition score. 
Because of this, the method is not commonly employed in labora- 
tory experiments except for special problems. It might be used, 
for example, in studying the effectiveness of advertisements. S is 
allowed to study a certain number of advertisements and then 
asked to pick them out from a much larger group. This demon- 
strates the use of the recognition method in a manner which 
would be very meaningful from the standpoint of the advertiser. 
Multiple-choice examinations, with which most students are 
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painfully acquainted, make use of the recognition method, and, as 
we know, the finer the distinction among the various alternatives, 
the more difficult it is-to choose the correct response. 

In using the recognition method correction must be made for 
chance response. If ten words are learned and then put into a 
group with ten other words for the recognition test, S could be 
expected to get five correct by chance. In scoring recognition 
tests, therefore, chance response is usually taken to indicate 100 
per cent forgetting. 

Reconstruction measures. The method used to derive these 
measures requires that S, confronted by the separable parts of a 
task presented in jumbled order, replace the parts in the order in 
which they were at the time of learning. Thus, after S learns a 
list of words to a given criterion, E shuffles the order of the words 
and asks S to order them as they were at the time of learning. 
This method is seldom used in experiments. 

As previously mentioned, different methods will almost certainly 
give different results, so it would appear that we have different 
“retentions.” At this stage in our study we are not likely to fall 

' into the error of asking, “But how much is really retained?”, 
or “How much is really forgotten?”. We recognize that scientific 
phenomena are a function of the methods by which they are 
measured, and that to ask one of the above questions is meaning- 
less. No one can properly speak of the measure of retention or 
the measure of forgetting. Instead, we have-at least four different 
measures, all of which probably tap the same general process, 
but tap it in different amounts and ways. Which method will 
be used depends upon the material being employed, and other 
factors which are considered separately for each experiment. We 


need only caution ourselves against falling into the trap of trying 


sto make direct comparisons among retention measures obtained 


by different methods. 
INFLUENCING RATE OF FORGETTING 


FACTORS 
arning and Retention Test: 1. Basic Facts 


Time Between Le: 
In studying forgetting E allows a period of time to intervene 
d the retention test. This period is longer 


between the learning an 
than that normally given between trials during learning, and 
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this procedural distinction (plus instructions to S) becomes the 
basis on which learning and retention are distinguished. In studies 
of retention, therefore, time becomes a stimulus variable—a con- 
dition which E manipulates. Retention tests may be given at any 
time following learning, and we may expect changes in retention 
as a function of this time interval. 

Because of the common observation that, as time passes, more 
and more is forgotten, it is easy to fall into the error of believing 
that time causes forgetting. Time is directly related to the amount 
of forgetting in most situations, but we use it only as a low-level 
explanatory concept. McGeoch (232) clearly demonstrates that 
passage of time allows for the operation of processes which cause 
forgetting, but that time in and of itself does nothing and is not 
to be accepted as a basic causal agent in psychological explana- 
tions. Rather, the quest is toward the identification of the processes 
which take place in time and which do cause forgetting. Time 
has the status of an experimental variable—and an important 
one—but we will look to other factors when we attempt to explain 
forgetting. 

Ebbinghaus retention curve. The first systematic attempts to 
measure forgetting as a function of time were made by Ebbinghaus 
(83). Indeed, the “Ebbinghaus retention curve” is a psycho- 
logical classic. That the work was sound has been demonstrated 
by many other Zs who have confirmed the work in principle. 
Ebbinghaus, we will remember, served as his own S and multiplied 
the V by learning many lists under the same conditions. Reten- 
tion was measured in terms of relearning (savings) scores, and 
nonsense syllables were his chief material. The results of his exten- 
sive study are summarized in Fig. 83, in which both the retention 
and the forgetting curves are plotted as a function of time. 

The basic generalization concerning the curve of Fig. 83 is that 
forgetting is most rapid immediately after learning and then 
proceeds at a slower and slower rate as time passes. Except for 
certain special conditions (which we shall consider shortly) this 
basic law has been confirmed many times, although the actual 
amount of change in retention with time will vary as a function 
of several variables. By and large, other Es using materials com- 
parable to those employed by Ebbinghaus have found that the 
initial drop in the curve of retention is not as great as that shown 


FORGETTING—RETENTION 515 


in Fig. 83. These Es have used groups of Ss. In view of the fact 
that Ebbinghaus had learned literally hundreds of nonsense 
syllables during the course of his experiments, it is reasonable to 
believe that the initial drop in his curve is still further increased 
by the additional interfering tendencies present in his memorial 


background. 


sont 
-- 


Forgetting e 
pace 
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retention as a function of time. Data from 


Fio. 83. Forgetting and on (E9): 
maze habits by rats. The initial rapid drop in 
the retention curve js usually found in human maze studies and 
has been shown also in retention of maze habits by rats. The 
latter may be illustrated in a study by Bunch (49). Rats were 
placed in a 14-unit multiple-T water maze. Five groups of rats 
mastered the problem to a criterion of three successive errorless 
trials. One group then relearned the maze after 14 days, another 
after 30, another after 60, another after 90, and the fifth, after 120 
days. The per cent saving in relearning the maze 15 shown for the 
five groups in Fig. 84. Note that the first retention group relearned 
after 14 days so that the curve is interpolated between zero and 
14 days. 

— Other relationships- The retention curve for nearly pure motor 
habits probably draps very slowly with time as compared with 


the curve for verbal material, alti 
are not available. We shall discuss later 


Retention of 
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problem involved in measuring retention of motor habits as 
compared with verbal habits. 

The forgetting curve of conditioned responses appears to be 
less sharply accelerated than is the curve for verbal tasks, although 
in some studies true conditioned responses may have been confused 
with pseudo-conditioned responses or reflex responses (e.g., the 
beta eyelid response, 118). 


Per cent Saved in Trials to Relearn 


10 30 50 70 90 110 130 
Time (Days) Between Learning and Relearning 


Fic. 84. Retention of a maze habit by rats. Data from Bunch (49). 


Let us consider two special phenomena which are associated 
with the time variable. Both provide special problems of experi- 
mental procedure as well as special interpretive problems. The 
first of these is reminiscence, the second is what we shall call changes 
in what is remembered. 


Time Between Learning and Retention Test: 2. Reminiscence 


Reminiscence is defined as “an improvement in performance, 
as shown by some measure of ability to recall at some time after 
the original practice without (any) intervening practice” (56, 
p- 314). As this definition indicates, reminiscence is the antithesis 
of forgetting—it is better retention rather than poorer retention after 
an interval of time. 

Early studies which allegedly discovered reminiscence are open 
to criticism on the grounds of a flaw in method. In these studies S 
was given a certain number of learning trials, then an immediate 
retention test, followed later by a second retention test. If the 
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second test showed greater retention than the first, reminiscence 
was said to have been demonstrated. Let Lı, L2, and so forth, 
stand for successive learning trials, and let RT1 and RT2 saholize 


the two retention tests. The procedure was as follows: 
L a & & Ri e ORG 


on test produced better performance than 
ght at first seem to have been demon- 
strated. But, note the error involved. The first retention test 
provided a learning trial. If the second retention test had been 
given immediately after the first, it might have shown greater 
retention than occurred after a period of rest (43). If this were the 
case, reminiscence would not have been demonstrated. It becomes 


apparent that we need a control condition in order to determine 
truly whether or not reminiscence occurs. Using the same symbols 
as above, our two groups should be put through the following 


If the second retenti 
the first, reminiscence mi 


procedure: 
Experimental Group: L, ie Ta lg oe rest —— RT 
Control Group: Ly L, Ly L RT 


The difference between the two groups on the single retention 
test would be the basis for determining whether or not reminiscence 
took place. If recall for the experimental group is greater than 
for the control, reminiscence has been demonstrated. The two 
conditions, of course, need not represent different groups of Ss 
since by counterbalancing Or randomizing conditions the same 
Ss may serve in both conditions. 

Because of the procedural flaw in the early studies of reminiscence, 
the asserted interpretation of the results, at least as they pertain 
to reminiscence, is in doubt. Reminiscence may or may not have 
occurred; there is no way of telling. We shall, therefore, limit our 
discussion to more recent studies which are not marred by this 
methodological error. 

y and then rests before recall 
we have the basic operation 
istributed practice (pro- 
hich did not receive 
dy of reminiscence 
being a learning 


rtial master 
relearning), 
f the effect of d 
ontrol group W. 
the rest). It becomes apparent that the stu 

y allied, one 


and distributed practice 
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phenomenon (effect on speed of learning) and the other, a reten- 

` tion phenomenon (effect on recall). Because of the near identity 
of the conditions under which the two phenomena are studied, 
it has wisely been suggested (56) that we limit the term reminiscence 
to the improvement in recall following rest and reserve relearning 
trials or trials to reach a given level of mastery following rest as the basic 
reference measure for determining the influence of distributed 
practice. Such a distinction will be used here with the under- 
standing that both phenomena will probably turn out to have a 
common explanatory basis. 

Ward’s study with nonsense syllables. The earliest systematic 
study of verbal learning and reminiscence was published by Ward 
(399) in 1937, and his study has served as the prototype for later 
researches. In Ward’s extensive experiment, serial lists of 12 non- 
sense syllables were used as learning material, and two conditions 
were varied by the use of several groups of Ss. These two condi- 
tions were (1) level of learning before the introduction of the 
rest period, and (2) length of the rest period. Level of learning 
was varied in two ways: S in one case was given rest after acquiring 
7 out of 12 correct responses on a single trial; in another, he 
rested after having recited the list once perfectly. For each of these 
two conditions, rest intervals of 30 seconds, 2, 5, 10, and 20 minutes 
were used. Relearning in all cases was carried to a criterion of 
2 successive perfect trials. The basic control condition was the 
learning of a list to a criterion of 2 perfect trials without any rest 
period other than the 6 seconds which intervened between trials. 
Reminiscence is shown by differences in mean recall on control 
and experimental conditions (Fig. 85). 

Ward’s recall data for the experimental conditions—as compared 
with the control—showed that the greatest reminiscence occurred 
at about a 2-minute interval when Ss learned to either level of 
mastery. These results have been supported by Hovland’s (e.g., 
157) work with nearly identical materials and methods. 

It may be wondered how Ward could get reminiscence on 
conditions in which S learned the list to mastery (one perfect 
trial) before the rest period. Under such conditions what is there 
to be “reminisced?” The facts are that even though S reaches a 

_ criterion of one perfect trial, there is a fairly high probability 
that he will not get the items all correct on the following trial. 
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Indeed, on the 6-second condition Ss got only a mean of 9.75 
items correct on the trial immediately following the first one on 
which all 12 items had been correctly anticipated. Hence, any 
gain above the 9.75 mean score after longer intervals would be 


indicative of reminiscence. 
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ction of time and two degrees of original learning. 


Fic. 85. Reminiscence as a fun al 
Area above dotted lines indicates reminiscence. Data from Ward (399). 


Reminiscence in pursuit-rotor learning. Reminiscence is a 
pursuit-rotor learning. It will occur after 
d after rest intervals lasting from a 
few minutes to several hours. We shall consider briefly a study 
by Ammons (4) as representative of. methods and results. He 
used 35 groups of Ss (Design Method II), varying both the amount 
of practice before the rest interval and the length of the rest 
interval. Take, as an example, one series of conditions on which 
Ss were given 17 minutes continuous practice. Following this work 
period, rest intervals of .33, 2 5» 10 20, 60, and 360 minutes 
were introduced for 7 groups of 14 Ss each. The amount of increase 
in time on target from the 17th to the 18th minute provides an 
index of the influence of rest intervals introduced between these 
2 periods. | 

The results (Fig. 86) demonstrate that reminiscence increased 
as the interval increased up to 10 minutes, after which it re- 
mained relatively constant for at least an hour. With 6 hours.rest 
there was a decrease in reminiscence, although the’ amount of 


common phenomenon in 
varying degrees of learning an 


34 
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reminiscence after 6 hours rest was still greater than the amount 
after 20 seconds rest. i 


20 


ro 
a 


t of Time on Target 


r 
o 


Increase In Per cen 
o 


5 10 15 20 lihr. 6hr. 
Length of Rest Interval (min) 


Fic. 86. Reminiscence in pursuit-rotor learning as a function of length of rest 
interval. Data from Ammons (4). 


Ammons’ study, whea compared with Ward’s study, seems to 
imply that the length of rest interval after which reminiscence 
will occur in movor learning is much longer than that for verbal 
learning. The facts as they stand at present with regard to remi- 
niscence in verbal learning are that the phenomenon appears to 
be dependent upon a highly restricted set of conditions, an analysis 
to which we shall turn at this point. : 

Problems of reminiscence. Buxton (56) has called reminis- 
cence a ‘‘now-you-se¢-it-now-you-don’t” phenomenon as far as 
verbal materials are ċoncerned. The reason for this is that some 
Es have been unable to secure evidence of reminiscence under 
conditions which seem highly favorable for its appearance. The 
most consistent failures have occurred when serial lists of adjectives 
were used (57, 256, 415), and the failures occurred despite the fact 
that other conditions in the experiments were quite comparable 
to the conditions under which Ward and Hovland, using non- 
sense syllables, found reminiscence. These facts suggest that for 
verbal learning a very critical variable is meaningfulness, with 
reminiscence occurring only with low meaningfulness. 

One of the difficulties of flatly stating that meaningfulness is 
the critical dimension is that no studies have been done in which 
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meaningfulness was varied and intra-task similarity held constant. 
Furthermore, as we previously pointed out, it is not a simple task 
to vary meaningfulness independently of intra-task similarity. 
The more meaningful the items taken individually, the more 
probable it.is that intra-task similarity will be low. It is possible, 
however, to have high meaningfulness and different degrees of 
intra-task similarity if Æ constructs his materials with that objective 
in mind. It is very likely that the critical dimension, then, is intra- 
task similarity and not meaningfulness (57), with reminiscence.’ 
occurring at high degrees of intra-list similarity. Previous studies 
may not have found reminiscence with meaningful material 
because intra-list similarity (unless specifically controlled) is likely 


to decrease with increasing meaningfulness. 
There are several minor problems relating to research on 


reminiscence, e.g., rest interval activity, spelling vs. pronunciation, 


but space does not permit us to discuss them. Buxton’s (56) recent 

review contains the best summary of all these problems. 
Reminiscence was originally interpreted by the same theory 

used to explain distributed practice (differential rates of dissipa- 
tion of positive and negative states) as analyzed in previous 
chapters. However, the more recent evidence implies that such 

a theory may be inadequate for both distributed practice and 

reminiscence and that an adequate theory must relate the concept 

of generalization (produced by intra-task similarity) to both 

phenomena (57)- 

Time Interval Between Learning and Retention Test: 3. 
Change in What Is Remembered - 
If Ss are asked to recall material learned earlier, they may be, 

able to reproduce it perfectly, partially, or not at all. In addition, 

it is commonly observed that S may produce a given response in 

a partially correct way. Partial recall of a response is to be expected. 

for all types of material and in a quantitative sense represents 

a partial memory efror, on a response dimension with perfect 

recall at one end and zero recall at the other. In verbal material, 

for example, if the correct response is “aflame,” S may respond 7 

with “flaming”; or, Underwood may be recalled as Woodward. 

If a person is asked to recall a prose passage certain essential ideas 

may be present in his recall, although the precise wording may 
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vary from the original. If S is presented with a geometrical design 
for a few seconds and then asked to draw it, his reproduction 
may be correct in general form but erroneous in detail. 

The method of quantifying the results of retention experi- 
ments is largely up to E. He may count any deviation from the 
original response as being “wrong”; he may give credit for partial 
responses, Or he may study the partial responses for what they 
can tell him about the memory process. We shall, at this point, 
concern ourselves with the latter procedure. 

Two methods may be ‘used to study changes in what is re- 
membered. One method is that of successive recalls, in which the 
same S successively recalls or reproduces the same material after 
various time intervals. E observes the changes which take place ` 
from recall to recall. A second method is used to eliminate the 
influence of one recall on a subsequent recall by employing a 
different group of Ss for each time interval. The changes which 
take place may be attributed to factors other than those involved 
in previous recall attempts. The two methods yield different results 
(139). 

Bartlett’s work. Some of the most elaborate studies of changes 
in retention with time have been published by Bartlett (12), a 
British psychologist. Bartlett has used many different materials, 
and although he has not insisted upon rigid experimental con- 
trols or quantified his data to any extent, he has brought out 
certain factors which may enter into the observed changes in 
successive recalls. We shall consider a few of his procedures and 
results. 

In one series of expériments Bartlett required Ss to read a short 
passage of fiction. The passage was characterized not only by’its 
disconnectedness (little continuity of events), but also by dramatic 
content. S read the passage twice and immediately reproduced 
it as best he could. Then reproduction attempts took place after 
a day, after several days, and so forth. As would be expected, 
successive reproductions brought about changes in the content of 
the story. For orfe thing, Ss seemed to strive to make the story 
have meaning—to avoid the disconnectedness which was apparent 
in the original. To do this, ideas were imported, i.e., made-up; 
and inserted at appropriate places. Detail seemed to be remem- 
bered if it fitted S’s original interests and attitudes; if not, the 
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detail was forgotten or changed so that it coincided with interests 
and attitudes. Changes, rationalizations, omissions, and so forth, 
all seemed to take place in accordance with each S’s general frame 
of reference. 

From analyzing the successive reproductions in a rather sub- 
jective fashion, Bartlett believed that S’s personal attitudes and 
interests caused these changes. However, we need not doubt the 
general finding. As we successively recount our own experiences, 
we may make them become less and less like the original and 
more and more a product of our “fill-ins.” The fill-ins are no 
doubt determined by our interests and attitudes toward the 
experience and by what we wish the recounting of the experience 
to accomplish. The memory errors of court witnesses are well 
known. It is customary at present to attribute these alterations 
and distortions to the individual’s frame of reference, about which 
we shall have more to say later. _ 

In another experiment Bartlett presented Ss with a series of 
cards on which were printed signs (figures or drawings) and also 
a word for which the sign was to stand. The task was essentially a 
paired-associate learning problem. S was told that he was to learn 
to connect the sign and the word so that if the word were given 
him he would be able to reproduce the sign. S was allowed 7 
minutes for study, or less if he felt he knew the pairs before the 
time was up. 

Bartlett took a recall atter 15 minutes and then every 2 weeks 
for some time thereafter. His method of measuring recall was 
ingenious. He dictated a story for S to copy and whenever a word 
occurred in the dictation which was among those for which a 
sign had been learned, S was supposed to use the sign instead of 


the word. 


Among Bartlett’s findings was the fact that signs which had 


no meaning in and of themselves were among the first forgotten. 
If S seemed unable to relate a symbol to his background of 
experience, it was readily forgotten. For example, a straight line 
with two cross-hatches stood for wind, and this sign was quickly 
forgotten. On the other hand, a drawing of an eye stood for eye 
and this was remembered very well. If a word had an already 

attached to it, then the experimentally 


used conventional sign 
learned sign, on successive recalls, came to be more and more 
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like the familiar conventional one. Dots, used as eyes in representa- 
tion of a face, became more “eyeish”’-looking with successive 
reproductions. This illustrates the influence of previous learning 
on the changes in what is remembered. Details which were not 
clearly attached to the main figure often disappeared unless the 
detail was particularly novel, in which case it was especially 
resistant to change with successive reproductions. 

Bartlett has shown that rather drastic changes may take place 
im what is remembered—but because of the non-quantitative 
nature of Bartlett’s results and because of the possible confounding 
of variables (learning time, intra-task similarity, and so forth), 
it is difficult to indicate exactly what causes them. Nevertheless, 
Bartlett’s pioneering work abundantly demonstrates that previous 
learning is the prime factor in effecting the retention changes 
in other learned material. Here “previous learning” must be 
broadly interpreted to include also the attitudes, interests, motives, 
and so forth, which are a part of S’s acquired repertoire of 
responses. 

Successive reproduction vs. single reproduction. Hanawalt 
(139) used geometrical figures, nonsense figures, and so forth. After 
S had studied the material, he recalled it at various intervals of 
time following the study period. From one group of Ss immediate 
recall was required and then successive recalls after 1, 4, and 8 
weeks. This is the method used by Bartlett. However, Hanawalt 
extended his study by using several additional groups of Ss, asking 
them to recall.only once following the immediate recall. One 
group thus recalled after 1 week, another after 4 weeks, and 
another after 8 weeks. These groups had been equated in ability 
before the major experiment started. i ’ i 

The difference in the results produced by the two procedures 
—successive reproduction by one group vs. single reproduction 
by different groups—was quite marked. With successive reproduc- 
tions by the same Ss, the frequency’ of correct reproductions 
remained almost constant, whereas with corresponding time 
intervals for different groups of Ss an Ebbinghaus-type curve 
resulted. Although Hanawalt found changes in the figures of 

_ the successive-reproduction group, he was unable to discern 
any systematic trend. He believes that the changes observed by 
other Es, e.g., Bartlett, are largely a function of the successive- 
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reproduction method rather than a function of some intrinsic 
change within the memory itself. Changes took place, it was 
true, when Hanawalt’s Ss made only one delayed recall, but 
for longer intervals these changes were so. considerable that the 
reproduced figure bore little resemblance to the original, and 


there was no consistency from S$ to S as to the nature of the 


change. 
Another interesting discovery in Hanawalt’s study was noted 


during the learning session when S was required to reproduce 
the figures with the figures themselves directly in front of him. 
Even under these conditions 5S’s reproductions were not duplicates 
of the design. Instead, he tended to sharpen certain features and 
modify others. Such changes, had they gone unnoticed, might 
be attributed to changes in what is remembered. Hannawalt, 
. however, shows that some of these changes would be present 
as a function of perceptual inaccuracies and simple inability to 
draw the figures from a pattern, with no need to invoke-changes 
in memory to account for them. 

Very strikingly, these studies and others have shown that changes 
in what is remembered take place with the passage of time. We 
have no proof that these changes indicate the operation of 
mechanisms which are different from those which produce complete 
forgetting of a response. Forgetting is not an all or none affair; 


it may be of all degrees. Changes in what is remembered represent 


an intermediate degree between perfect reproduction and no 
recall. ` i i 


Degree of Learning 


Other things being 
the better will be the r 
variables determining the amo 


equal, the greater the degree of learning 
etention. This is one of the more obvious 
unt of forgetting with passage of 
time, and we need to give it only enough attention to understand 
the methods of analysis. Ebbinghaus’ study of this variable, some 
of the results of which are presented in Table 30, are as clear-cut 
as any more recent data. His degree of learning was determined 
by the number of repetitions of the lists of syllables, and retention’ 
f time saved in relearningy The data show 


was measured in terms o. 
clearly that with the increase in number of repetitions of a list, 


there is an increase in savings scores after 24 hours. 
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TABLE 30 
INFLUENCE OF DEGREE OF LEARNING ON RETENTION AFTER 24 Hours 
n 
Releaming Time (Sec.) _ Time 
After 24 Hours Saved (Sec.) 

1270 — 
1167 103 
1078 192 
975 295 
863 407 
697 573 
585 685 
454 816 


__ 
Data from Ebbinghaus (83). 


The influence of degree of learning on retention may be deter- 
mined when the material has been learned past a criteron of 
one pérfect trial. Thus, S may be requested to keep repeating the 
list (overlearning) even though he repeats it perfectly. Krueger 
has demonstrated that continued repetition of a list beyond the 
criterion of one perfect trial will enhance both the recall and 
relearning scores after various time intervals (205). 

In dtermining relationship between degree of learning and 
retention, another method involves working with each stimulus- 
response connection. This may be illustrated by unpublished data 
gathered by the author. Lists of paired associates were learned 
by the usual method in which the order of pairs was varied 
from trial to trial, so that serial associations were largely avoided. 
Retention measurements (recall) of the ten pairs of adjectives 
composing each list were made 20 minutes after original learning. 
When results were analyzed, the strength of a given response 
tendency was not determined by the number of repetitions of 
the list; rather, it was determined by counting the number of 
times the response had been anticipated correctly during learning. 
It was assumed that each time a response was correctly antici- 
pated, an increase in the strength of that stimulus-response con- 
nection took place attributable to the reinforcing effect of being 
correct—the O.K. reaction. Hence, all pairs which had been 
given zero reinforcements (had never been anticipated correctly 
during learning) were put together; all of those which had’ been 


==- 
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given one reinforcement were placed together, and so on. To 
increase the number of cases, those items with 3 and 4 reinforce- 
ments were combined as were those with 5, 6, and 7 reinforce- 


ments. 


80 
70 


a uom 
© O © 


Per cent Correct at Recall 


1 2 3 2 5 6 
Number Rolntorcements During Leaming 


tion as a function of degree of learning. The interval between 


Fic. 87. Reten 
ber of cases on which the values are 


learning and recall was 20 min. The num! 
based is shown in parentheses. 


The relationship between number of reinforcements and for- 
getting is shown (Fig. 87) by the per cent correct recall for eac= 
degree of reinforcement. With zero objective reinforcements 
during learning, 11 per cent of the items were correct after ‘20 
thus indicating that the jnitial reinforcement process 
reinforcement may take place without $ overtly 
anticipating the response. The curve as a whole shows that there 
is a direct relationship between degree of learning (as defined by 


er of reinforcements) and amount retained. 


minutes, 
is covert, ie., 


numb 


Type of Material 

In studying the influence of type of material on multiple- 
response learning (Chapter XII), we referred to three variables: 
(1) meaningfulness, (2) intra-task similarity, and (3) affective 
tone of material. In evaluating type of material as it influences 
retention we shall add a fourth task variable, amount of motor 


involvement. 
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Meaningfulness. We have seen that meaningfulness protoundly 
affects speed of learning. We have said (in the introduction to 
the present chapter) that speed of learning and speed of for- 
getting are inversely related—the faster the learning, the slower 
is the forgetting. According to this principle we should expect 
that the greater the meaningfulness, the slower is the forget- 
ting. In so far as can be told at present this relationship seems 
to hold, although no careful study has been reported in which 
meaningfulness has been varied while holding other variables 
constant. 

In view of the fact that we do not have satisfactory data for 
several points, along a dimension of meaningfulness, we shall cite 
evidence which leads one to infer the general relationship just 
mentioned. Reed (303), in the study of concept formation reported 
in Chapter XIII, compared his results on retention of these 
concepts with Ebbinghaus’ results for nonsense syllables. Reed 
showed that in a great many respects his procedure—except 
for the material—was quite similar to the procedure used by 
Ebbinghaus. After six weeks Reed found only rọ per cent loss 
in retention of concepts as compared with almost 80 per cent 
loss in the case of Ebbinghaus’ nonsense syllables. The curve of 
retention of poetry shows a form which is similar to the nonse 
syllable retention curve, but it never falls as fast or as far over 
comparable time intervals (406); retention curves of factual 
material show about the same relationship (80). The retention of 
substance material (ideas which cannot be derived from a single 
sentence) shows only slight loss over a period of 80 days (34)- 
There seems to be enough evidence to accept the general principle 
tentatively, although this evidénce is far from systematic, and 
we cannot be sure that other factors, such as intra-task similarity, 
have been comparable for the various tasks in these studies briefly 
cited. 

We should discuss some of the difficulties involved in designing 
a systematic study of meaningfulness as it influences forgetting. 
Suppose we have two sets of materials which vary only in 
meaningfulness; intra-task similarity, affective tone, and so forth 
are the same for both lists. We wish to determine whether there 
is a difference in retention of the two lists, Obviously, our first 
step is to require Ss to learn the lists. Since the two lists vary in 
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meaningfulness, we know that they will be learned with different 
speeds. Consequently, we cannot use a constant number of trials 
or time for both lists, for the degree of learning attained would 
be different and degree of learning as such effects rate of forgetting. 
An alternative would be to have both lists learned to the same 
criterion, perhaps one perfect trial. This would be fairly satis- 
factory, but would still not provide an accurate equation of degree 
of learning. Let us look closely at the reason for this. 


lf 


High Meaningfuiness 


1 2 3 @ Si 6. 7 (8 39" 0 1m 
Trials i 
othetical illustration of difficulty in equating degree of learning 


. 88. H; legre 
ed er Is learned at different speeds to the same criterion. 


of material 


If the two lists are learned to the same criterion but at different 
speeds, the slopes of the two curves are different. An extreme 
hypothetical case is pictured in Fig. 88. Both lists, one of low 
meaningfulness and one of high meaningfulness, were taken to a 
criterion of 8 out of 12 correct responses. Let us say only two. Ss 
are involved, known to bė of equal learning ability. The list of 
low meaningfulness is learned to the criterion in 3 trials, the list 
of high meaningfulness in 10 trials. Is the degree of learning equal ? 
If we were to extend the curves for an additional trial, we would 
in effect be measuring how much each S had learned up to and 

` including the criterion trial. When we do this, we see that the 
degree of learning for the list of low meaningfulness is actually 
less than that for the list of high meaningfulness. The figure 
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shows that with a list of high meaningfulness, $ would get 10 
correct on the next trial, whereas with low meaningfulness, he 
would have only 8.5 correct. 

Unless the speed of learning of the two lists is drastically different, 
as in the illustration, the error resulting by having a mastery 
criterion is not large, but nevertheless it is an error. We can see 
that a more satisfactory equalization of degree of original Jearning 
could be accomplished by setting the criterion of learning for the 
list of high meaningfulness slightly less than for the other, so that 
the extended curves would show approximately equal degrees of 
learning if a subsequent trial were given. This problem, the problem 
of equating degree of learning, is present in all studies of retention where 
type of material is varied. 

Another difficulty should be mentioned briefly. In long term 
retention studies with highly meaningful materials, it is - possible 
that S may rehearse during the retention interval. There is really 
no satisfactory way of checking this since Ss’ reports on this matter 
are always open to question. He may forget not only the material 
itself but also that he rehearsed. If rehearsal is reported our 
relationship is confounded. Instructing $ not to rehearse may be 
an invitation to rehearse. For careful derivation of a law con- 
cerning the relationship between type of material and degree of 
forgetting, it would be better if the retention tests for different 
materials could be made after short rest intervals during which 
Ss’ activity could be controlled more adequately. For long term 
retention studies it must be assumed that rehearsal, if it takes 
place, is equal for material with different degrees of meaningful- 
ness. This is not a sound assumption to make, especially if the 
meaningful material is intrinsically interesting—something which 
few Ss report concerning nonsense syllables. 

Intra-task similarity. We have indicated that it is possible 
to maintain a constant degree of meaningfulness while varying 
intra-task similarity. Since intra-task similarity influences rate of 
learning, we also recognize that the problem of equating degree of 
learning -is the same as discussed for meaningfulness. 

One way of manipulating this variable is to use two lists of 
different degrees of intra-task similarity. Employing this pro- 
cedure, Gibson (108) has shown that the greater the degree of 
intra-list similarity the more rapid is the forgetting. The paired- 
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associate lists were madé up of geometrical figures as stimuli and 
nonsense syllables as responses (see Chapter IX), with the similarity 
of the stimuli varied. 

Another method of manipulating intra-task similarity is to vary 
the items within a single list. Buxton and Newman (58) prepared 
two serial lists. In one list were six nonsense syllables and two 
nonsense-like figures (relatively meaningless line drawings), and 
the other, six figures and two syllables. Taken individually, all 
syllables and figures had approximately the same degree of mean- 
ingfulness. Where there were six syllables and two figures, it was 
presumed that the two figures were more set apart or isolated 
than were the syllables. The reverse would be true in the case of 
six figures and two syllables. To learn the lists, S would have to 
differentiate among six items of one kind, but between only two 
of another kind. Results of the study as a whole show that the 
isolated items were learned more rapidly and retained better than 
the six items of a kind. 

It is a fair conclusion that, other things being equal, the greater 
the intra-task similarity the slower is the learning and the more 
rapid is the forgetting. 

Affectivity. Previously (Chapter XII) we have examined some 
of the obstacles to a clear-cut test of the influence of affective 
tone of the material on learning. These difficulties, of course, will 
make an interpretation of forgetting following learning equally 
ambiguous. In as near final form as possible we wish to point out 
the major difficulties of interpretation which the procedures and 
results connected with the isolation of this dimension have 
encountered. ; 

First we should mention that there is no experimental agree- 
ment on whether pleasant, unpleasant, or neutral material is 
forgotten most rapidly. The reasons for this are largely those 
which were mentioned in Chapter XII—inadequacies of experi- 
mental design. A second point to bear in mind is that there is 
no agreement on the operation which must be performed to 
define this dimension. Indeed, it may well be that not one but 
several dimensions are actually being manipulated. Pleasantness 
and unpleasantness have commonly been used to designate the 
extremes of the dimension, but the actual placement of the mate- 
rial on the dimension has been attempted in several ways; and 
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‘there is no assurance that the different methods are tapping the 
SS. 

et re (85) has called for restatement of the problem of 
the retention of affective experiences, not in terms of pleasantness 
and unpleasantness as such, but in terms of whether or not the 
experience or material learned conforms with the individual’s 
frame of reference. He believes that the contradictory results 
concerning retention of alleged affective experiences may be due 
to the fact that pleasant experiences need not necessarily conform 
to the frame of reference and that unpleasant experiences need 
not be at odds with the frame of reference. For Edwards the degree 
of conformity to the frame of reference is important—not whether 
the experience is pleasant or unpleasant. 

Frame of reference in this context is rather loosely defined but 
is assumed to indicate an individual’s values and enduring attitudes 
on various matters. Thus, a speech with a strong communistic 
leaning would not fit into the frame of reference of a Republican 
senator from Iowa. It is Edwards’ hypothesis that if experiences 
conform—do not conflict—with the frame of reference, they will 
be better retained than if they do not so conform. 

1. Edwards’ Experiment. To test the hypothesis, Edwards per- 
formed an experiment (84) in which three groups of 48 Ss each 
were singled out (by an attitude scale) with respect to their attitude 
toward the New Deal (the experiment was performed in 1940)» 
One group was Pro-New Deal, the second was Anti-New Deal, 
and third was Neutral. To these groups a speech was read which 
included statements for and against New Deal policies. Immediately 
‘after hearing the speech Ss were required to take a multiple choice 
(recognition) test covering the content of the speech. The questions 
were so constructed that half of the correct answers were Anti- 
New Deal statements and the other half Pro-New Deal state- 
ments. The initial test gave a measure of acquisition. Three 
. weeks later Ss took the test again; hence, retention measures were 
derived. . ‘ 

The results of both the learning (immediate recognition test) 
and forgetting (delayed recognition) are’ shown in Table 31. 
This table indicates that the group with the Pro-New Deal frame 
of reference learned facts (presumably from the speech) which 
were favorable to the New Deal much more readily than they 
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did those which were opposed to the New Deal. On the other 


hand, the Anti-New Deal group lea: 


their frame of referenc 


rned material consonant with 


e more rapidly than they did material 


which was not consonant. 


RETENTION As A FUNCTION 
MATERIAL 


TABLE 31 


OF THE CONFORMANCE OR Non-ConFORMANCE OF 


TO THE FRAME OF REFERENCE 


Correct Anti-Responses 
Immediate Recognition 
Delayed Recognition 
Per Cent Loss 

Correct Pro-Responses 


Immediate Recognition 
Delayed Recognition 


Per Cent Loss 


‘Mean Correct Responses by Groups 
Pro-New Deal Neutral Anti-New Deal 
9.94 11.77 13.02 
7.71 9.48 11.77 

22 19 10 
15.73 12.83 10.90 
14.48 11.50 9.52 
8 10 13 


Data from Edwards (84). 


The retention measurements req 
ute number of uni 


terms of the absol 


period, there is little difference 
reference. However, 
in the level of learning attaine 


the per cent loss over 


frames of 
given to differences 
the immediate test), 


would be the most meaning! 


loss will not satisfy rigid tes 
hypothesis. They also conform with the 


conform to Edwards’ 
general statemen 
forgetting. Thus, 
has shown t 
‘which has been 
nearly classical laborato: 

Whether or not we 
reference for this kind 
we merely interpret 
transfer? Learning ma 


t that the slower 
with the variable, 
he basic relationship between 
demonstrated with other varial 
ry situation. i 
need the additional concept of frame of 


the differ 
terial which is highly sim 


uire special consideration. In 
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as a function of the three different 
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the 3-week interval 
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ful statistic. The trends 
but they 


ts of statistical significance, 


the learning the faster is the. 
“frame of reference,” Edwards 
learning and forgetting 
bles in the more 


of experiment is a moot point. Should 
ences in learning as a function of 
imilar to but not in 
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conflict with already existing ideas and information would produce 
high positive transfer; learning material which is opposed to 
those existing ideas and beliefs would result in straightforward 
negative transfer. Furthermore, the greater the negative transfer 
between two activities the greater is the retention loss of either 
after a period of time. One might well interpret the results of 
this study in such a fashion. The use of the term, frame of refer- 
ence, is intended to be helpful in describing the relationship 
between already existing attitudes or beliefs and the material on 
which S is to be tested. We are, in effect, using the concept to 
state the similarity relationships, and it is obvious that is not 
easy to break down such complex things as political beliefs into 
a unit analysis of the A-B, A-C type, as we have done in treating 
transfer of training. 

Again, in speaking of these sorts of studies, we ought to point 
out that quantitative laws of retention are difficult to evolve unless 
degree of learning before the retention interval is equated. The 
major finding of the Edwards-type study does not concern retention 
but learning. Clearly, wide differences in learning take place as 
a function of the frame of reference or as a function of transfer of 
training. 

2. Other Approaches. There are several other kinds of studies 
directly or indirectly concerned with affectivity. In an effort to 


produce different rates of forgetting for different materials, Wallen _ 


(397) has introduced a technique designed to personalize material. 
His method, in brief, was to present a series of 40 adjectives to 5; 


who judged whether he himself did or did not possess the trait — 


indicated by the adjective. Some time later the adjectives were 
presented again to S, this time with a notation after each adjective. 
S was told that a group of his friends had rated him on these 
traits and the notations indicated whether they thought he did 
or did not possess the traits. Actually these supposed friends’ 
ratings were bogus and were derived by E’s systematically reversing 
one half of S’s own ratings. S, however, fully believed they were 
friends’ ratings. Later E asked S to recall the friends’ ratings. Would 
S’s recall be better of those friends’ ratings which were favorable 
to him, or of those less favorable? Would he recall ratings which 
conflicted with his own picture of himself or would he “repress” 


these? 
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The results of this experiment suggest that there will be greater 
forgetting of items which conflict with S’s own evaluations of 
himself, than of those which do not conflict. However, the case 
for a form of selective forgetting based on personal conflict is 
not established. The differential forgetting which occurs is what 
one would expect on the basis of negative transfer of incompatible 
responses, since in effect, S had learned two responses to the 
same stimulus. Since no control for non-personalized interference 
was-used, we cannot tell whether or not something is added 
to the forgetting beyond that expected from straightforward 
interference. 

Williams (413) attempted to produce different amounts of 
forgetting by frustrating Ss. They learned a list of paired asso- 
ciates, half of which were words of an aggressive type (e.g. 
fight, hate, curse) and half neutral and not related to aggression. 
Twenty-four hours after learning, Ss were subjected to a new 
situation which was so managed that they inevitably failed. As 
“punishment” for failing they were severely criticized and given 
an electric shock. Immediately after this experience they were 
tested for their recall of the list of paired associates. A control 
group followed exactly the same procedure except they did not 
experience failure and punishment. Comparing the two groups 
there was no evidence of selective retention. The aggressive words 
were recalled no better by the experimental than by the control 
group. 

Sharp (349) used a group of words which were taken from 
case histories of neurotic patients. One paired-associate list was 
known to be acceptable to Ss (e.g., winning-respect), another 
unacceptable (e.g., going-insane), and another neutral (e.g., 
flying-kites). Neurotic as well as normal Ss learned and recalled 
these lists. Both groups’ results show that the unacceptable material 
was forgotten more rapidly than the acceptable and the neutral 
lists. However, other Es (339) have been unable to confirm these 
results, and this may mean that a peculiar combination of unequal 
groups and lists differing in difficulty could account for Sharp’s 
results. 

Space does not permit inclusion of other studies. Those briefly 
reviewed above give us samples of various approaches to the 
problems of affectivity and related variables, Taken as a whole, 
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the studies provide very meager evidence of differential forgetting 
as a function of affectivity. If the procedures outlined in Chapter 
XII are followed, and if learning is carried to a mastery criterion 
before the interval, very likely this variable, at least as defined 
by Edwards, is an effective variable. In some cases it is assumed 
falsely that material will show differences in rate of forgetting 
without showing differences in rate of learning. The assumption _ 
is untenable since it implies a characteristic of the material which i 
“turns its influence on” after learning even though the presence 
of the characteristic was established before learning. We may, 
of course, introduce conditions after learning which will influence 
retention, and we might even change the affective characteristics 
of the material after léarning, but unless this is done a character- 
istic of material which influences retention will also influence 
learning. 

Motor-verbal dimension. This dimension, which can be used 
to distinguish different types of tasks, is an extremely difficult 
one with which to experiment. Although we may clearly set up 
tasks with different amounts of motor and verbal involvement, 
it is not easy to get comparable units of measurement. Yet this is 
a necessary step in order to equate the degree of learning of the 
tasks before making retention comparisons after different time 
intervals. Let us look at this predicament. 

1. Maze vs. Nonsense Syllables. McGeoch and Melton (234) 
have compared maze retention with retention of nonsense lists, 
one week after learning. Degree of original learning was the same 
for both the maze and nonsense list (one perfect: trial), and 
approximately the same number of trials was required to reach 
this criterion on both tasks. Three mazes and three lists of 
syllables were used, both sets of materials being of graduated 
difficulty. i 

These investigators found no consistent evidence that the retention 
of either task was superior to the other. Further, they suggest that 

_ other Zs have supposedly found a difference in retention between 
nonsense syllables and maze habits because the degree of learning 
was not equalized. 

The McGeoch-Melton experiment gives a far from satisfactory 
answer to the question concerning effects of differences in motor- 
verbal involvement on retention. In the first place, of course, 
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only two points on the dimension were actually explored. Sec- 
ondly, it can be argued that these two points are not very far 
apart on the dimension. The basic process of maze learning is 
highly symbolic or verbal, since many Ss learn mazes by mem- 
orizing left-right sequences. The motor component may be 
almost exclusively auxiliary in nature for many Ss;. the arm and 
finger movements may merely indicate a response determined 
symbolically in much the same fashion that movements of the 
larynx are used to indicate a verbal response in learning nonsense 
syllables. If this be true, and undoubtedly it is with many Ss, 
we should not expect a large difference between maze retention 
and nonsense-syllable retention. The situation calls for precise 
analysis of how integral a part are the muscular movements in 
the maze learning process. The Mc-Geoch-Melton experiment 
has shown that retention of a maze habit does not differ greatly 
from retention of a list of nonsense syllables. If, however, the 
maze and the nonsense syllables do not represent significantly 
different points on the motor-verbal- dimension, we do not have 
an adequate statement of the relationship for which the experiment 
sought. 

2. Pursuit Rotor vs. Nonsense Syllables. A recent study (211) 
n attempt to get a clear-cut test of whether 
or not the verbal-motor dimension was effective in producing 
differences in retention. Pursuit-rotor learning was selected as a 
task representing almost complete motor involvement and having 
but little verbal or symbolic involvement. The inevitable non- 
sense syllables were used to represent the opposed end of the 
dimension. Both -asks were repeated for 1o trials each, with 
go-second rest, between trials. A trial for the nonsense syllables 
consisted of one complete presentation of the 15-unit list. For 
the pursuit rotor, 30 seconds practice in keeping the stylus on the 
target constituted a trial. Since the 15 nonsense syllables were 
presented at a a-second rate, the total time as well as the number 
of trials practiced was constant for both tasks. Different groups 
were used to obtain retention measurements of both tasks after 1, 
7, 28, and 70 days. : 

At the end of the 10 practice trials performance on both tasks 
was increasing almost linearly. On the roth trial a median of 
5.8 syllables was correctly anticipated and the stylus was kept 


was performed in a 
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on the target an average of 4.7 seconds. Retention measurements 
showed that in terms of savings scores the pursuit task was signi- 
ficantly better retained than the syllables. The pursuit-rotor scores 
showed considerable reminiscence, even with allowances for the 
test-retest crror. No such finding was in evidence for the retention 
of the nonsense syllables. 

Unfortunately there are several factors which prohibit a clear- 
cut interpretation of these results. The groups were poorly matched 
on original learning scores. For example, on the nonsense list, 
the group which recalled after 70 days had a median of 4.0 
syllables correct at the end of the roth learning trial, whereas 
the group which recalled after one day had a median of 6.0 correct 
at the same point in learning. The one-day pursuit rotor group 
had a median time of 3.34 seconds on the target at the roth trial 
whereas the 70-day group had a median of 8.31 seconds on the 
target on the roth trial. Retention comparisons made with such 
widely divergent degrees of learning are questionable. How to 
get around this difficulty in the design is an embarrassing question, 
since, if the groups were matched on one task, they may not 
necessarily be matched on the other. 

A still more puzzling feature of the procedure in this experi- 
ment is that of knowing what to make of the measuring units 
employed to indicate the degree of original learning of the two 
tasks. If one used the same number of trials did that mean that 
the two tasks were learned to an equal degree? Theoretically a 
perfect score on the pursuit rotor would be go seconds on the 
target; a perfect score on the nonsense list would be the correct 
anticipation of all 15 items on one trial; for a given trial neither 
task could be performed any better. We know that S would even- 
tually learn to anticipate all 15 items correctly—the learning 
curve would level off. But where does the pursuit rotor learning 
curve level off? At 30 seconds on target? Even if the Ss’ performance 
could be carried to perfection on the pursuit rotor, would that 
be equivalent to the degree of learning of nonsense syllables which 
are all correctly anticipated? These questions are not handled 
adequately by this study; therefore, we must reject any final 
conclusion that pursuit rotor learning is forgotten less rapidly 
than is nonsense syllable learning. 

It is a real problem to get equivalent degrees of learning for 
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tasks which are quite diverse in nature and for which the response- 
measurement units have no common basis for comparison. There 
is, possibly, one method which might give a fairly satisfactory 
basis for comparison. Suppose both tasks were carried to a point 
where, with additional practice, little change in the level of 
performance resulted, i.e.,' the learning curves became parallel 
with the abscissa. For nonsense syllables this would probably 
amount to several successive perfect trials. For pursuit rotor 
learning it would require empirical determination; perhaps the 
average S will show little or no improvement past, let us say, 
nds on the target out of a possible 30 seconds. Having 
umber of trials required for the learning 
level off under given conditions, we run 
w Ss (from the same population 
ff points were determined) we 


20 seco: 
determined the mean n 
curves of both tasks to 
a second experiment. With ne 
as that for which the leveling-o 
equate the degree of original learning for the two tasks by taking 
Ss to a fraction of total learning possible, this fraction being the 
same for both tasks. Thus, if the optimum mean level of learning 
attained on the pursuit rotor under given conditions was 20 
on target out of a possible 30 seconds, we might use 
the number of trials to reach 10 seconds on target as a measure 
of 50 per cent learning. Likewise, when the nonsense syllable 
curve levels off—slightly under consistent perfection—we could 
use the number of trials to attain half that perfection as indicating 
an equivalent degree of learning to the 50 per cent learning on 
the prusuit rotor. Such a procedure would have to be used on 
tasks which give the same general shape of learning curve and 
even then, the comparisons would be rough. It would, however, 
provide a more precise equation of the degree of learning than 
is usually attained. 

3. Conclusion. We 
as to whether or not 


variable in and of itself. Inferen vi 
lead us to conclude that motor skills are retained much better 


than verbal skills. Pursuit rotor learning, for example, shows little 
loss (indeed, there is evidence for reminiscence) over several 
hours. It has often been said that we never forget how to ice skate 
or how toride a bicycle. However, we have seen that with highly 
meaningful verbal material little forgetting is evidenced over 


seconds 


must adjudge that we do not have evidence 
olvement is an effective 


degree of motor inv 
tial experimental evidence might 
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several weeks. Yet, nonsense syllables, even if overlearned, will 
show rapid forgetting in a short period of time.* ; 

These considerations seem to imply that merely evaluating 
the verbal-motor dimension is not sufficient; we must also consider 
the degree of meaningfulness at the same time. Nonsense syllables 
and substance materials (ideas or facts) may be largely the same 
with regard to their verbal or symbolic charaçter but vary 
markedly as regards meaningfulness. Thus, it may be that only 
when we. get low meaningfulness in verbal tasks do we find a 
more rapid rate of forgetting than we do in motor tasks. Could 
we manage to equate the degree of meaningfulness for verbal 
and motor tasks? The answer is probably no at present, and it 
may be that when we ask the question, “Are motor. or are verbal 
tasks forgotten more rapidly?”, we are asking a question which 
cannot be answered experimentally at our present stage of 
knowledge and experimental technique. What we can do is to 
use specific tasks, equate the degree of original learning, measure 
retention, state the results of the experiment, and decline to go 
further. Thus, we may discover relative forgetting rates for specific 
tasks, but until we know the relationship between those tasks 
better than we do now, we are not justified in generalizing with 
reference to verbal-motor differences. This dimension remains a. 
crude descriptive one without the status of a stimulus variable for 
which we can state the response relationship. 


Massed vs. Distributed Learning 


Two groups learn the same ‘material to the same criterion of 
learning, but one group learns by massed practice and another 
by distributed practice. Will retention vary as a function of these 
two treatments given during learning? The experimental procedure 
is straightforward so we need follow through on only one study to 
demonstrate the method and the relationship. 

Hovland (160) arranged to have 32 Ss serve in eight experi- 
mental conditions during which they learned serial lists of 12 
nonsense syllables. In four conditions the lists were learned by 


* Another line of evidence supports the position that motor tasks are forgotten 
less rapidly than are verbal materials. The evidence springs from data (54) which 
show that it is difficult to produce interference between motor tasks. Retention 
of verbal materials, on the other hand, can be markedly depressed by requiring 
S to learn other conflicting material. i 
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massed practice, and retention was measured after 6 seconds (the 
usual inter-trial “rest” interval), 2 minutes, 10 minutes, and 
24 hours. In the other four conditions learning took’ place. by 
distributed practice, as defined by a g-minute rest interval after 
each learning trial. The retention intervals following distributed 
learning were, of course, the same as those following massed learn- 
ing. Learning in all cases was carried to one perfect’ recitation. 


Mean Number Items Recalled 


-N we DANO o 


0.2 Min.) 10 24 Hr. 
aid Botween Learning and Recall 


cen massing and distributed practice and retention. 


. 89. Relationship betwi 
Bri Data from Hovland (160). 


Thus, as the design -was set up, each S learned four lists under 
massed conditions and recalled and relearned after the four time 
intervals, and each S learned four lists under distributed conditions 
and recalled and relearned after the four intervals (Design, 


Method IV). 


As- would be expected, learning was more rapid -under dis- 


tributed conditions than under massed conditions. On the aver- 
age, about: 14-5 trials were required to learn to one perfect 
recitation under the massed conditions whereas only 9.5 trials 
were’ required under the distributed’ conditions. Previously, we 
have spoken of the fact that materials learned to the same criterion 
put at different rates were not’ perfectly equated. Therefore, 
a slight error in equalizing the degree of. learning probably 
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existed in this experiment. The error would tend to make the 
degree of distributed practice learning a little higher than that 
of massed learning. However, the differences in recall, at least 
for the longer time intervals, are great enough so that we cannot 
attribute them entirely to differences in degree of original 
learning. s 

The recall measurements are shown in Fig. 89. The difference 
between massed and distributed practice is significant at all points 
except for the 2-minute interval, in which the rise in the curve 
following massed practice is interpreted as reminiscence. A con- 
siderable difference appears at the 24-hour recall, with indications 
that the curves are gradually separating. This trend is more 
apparent in the relearning scores which are not shown here. We 
may conclude that even though massed learning requires a greater 
number of trials to reach a given criterion, the forgetting will 
be greater in the long run than will the forgetting of the same 
material learned under distributed conditions. Since similar results 


have been found with several different kinds of material (233) the 
generalization is an important one. 


Context 


All stimuli appear in a context.. That context may be thought 
of, according to one’s purpose, as consisting of many components 
or patterns or of few components and patterns. A stimulus word 
on a memory drum is printed on white tape background, but this 
stimulus component is in a larger setting of the memory drum, 
the room, the sound of the motor, the light from’ overhead, and 
so forth. Responses are learned in the usual laboratory procedure 
with as constant a background context as possible, unless. that 
‘context is the dimension being explored. 

Common observation will suggest that this is an effective variable 
in producing changes in retention; with the greatest change in 
context between ‘learning and the retention test producing the 
greater decrement in retention. As many of you know, the armed 
forces have a quaint custom which requires one to salute a person 
of superior rank.-Yet an admiral is not saluted while he is in the 
barber’s chair nor a general while he is in swimming. The context 


had changed to such an extent that the customarily correct response 
is no longer elicited. i 


1 
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In a sense this variable, change of context, is an “unfair” one 
to bring up since it does not seem to determine “‘true” reten- 
t t it shows that adding to or subtracting from a 
given stimulus context to which a response has been learned 
will reduce the probabilities of that response occurring. Yet, 
the very fact that we know that stimulus conditions never ‘remit 
identical, and jndeed may vary drastically in real life situations 
makes this a very practical’ sort of experimental variable. RETOR- 
nition of the potency of such a variable will also serve as a 
reminder that the three little letters constituting a nonsense 
syllable are not the stimulus but rather the focal point of the 
stimulus complex. Components of this stimulus complex which 
remain relatively constant throughout learning will perhaps be- 
come associated with the response, and their variations at time 
of recall may be expected to reduce the frequency of correct 
response. 

It is difficult to vary large portions of the context systematically, 
and know quantitatively what is being varied. Learning in one 
room and recalling in quite a different room will bring about 
a decrement in retention, but it is hard to plot the change in re 
as a function of a.continuous variable. Hence, laboratory studies 
have inclined to be more analytical by varying just a small portion 
of the stimulus context. We will illustrate this with one study 


performed by Dulsky (82)- 

Dulsky used paired no! 
ground context was varied by putting the wo 
colored papers and then changing the colors at 
„Many different colors were used during learning and many 
changes were made at recall. As control it was necessary, of course, 


to have some words retain the same context at recall 
ine all the conditions which 


chad during learning. We may comb 
did have a change in context at ‘and compare them with 
change. Under conditions 


all conditions under which there was no 
nses were correct at recall, whereas 


of no change a total of 365 respo: 

under conditions of change only 265 responses were correct. 
More startling, however, is the fact that with no change the lists 
were relearned after 5 minutes in an average of 4.8 trials, but 
with change it took an average of 13.7 trials to relearn—almost 


three times as many trials with change of context as without 
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existed in this experiment. The error would tend to make ea 
degree of distributed practice learning a little higher than es 
of massed learning. However, the differences in recall, at leas 
for the longer time intervals, are great enough so that we cannot 
attribute them entirely to differences in degree of original 
ing. 

<x socal measurements are shown in Fig. 89. The difference 
between massed and distributed practice is significant at all points 
except for the 2-minute interval, in which the rise in the curve 
following massed practice is interpreted as reminiscence. A con= 
siderable difference appears at the 24-hour recall, with indications 
that the curves are gradually separating. This trend is more 
apparent in the relearning scores which are not shown here. We 
may conclude that even though massed learning requires a greater 
number of trials to reach a given criterion, the forgetting will 
be greater in the long run than will the forgetting of the same 
material learned under distributed conditions, 
have been found with several different kinds o; 
generalization is an important one. 


Since similar results 
f material (233) the 


Context 


on white tape background, but this 
arger setting of the memory drum, 
motor, the light from’ overhead, and 
ed in the usual laboratory procedure 
und context as possible, unless. that 
ing explored, 

Suggest that this is an effective variable 
etention, with the greatest change in 
retention test producing the 
- As many of you know, the armed 


i 
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In a sense this variable, change of context, is an “unfair” one 
to bring up since it does not seem to determine ‘“‘true” reten- 
tion; rather, it shows that adding to or subtracting: from a 
given stimulus context to which a response has been learned 
will reduce the probabilities of that response occurring. Yet, 
the very fact that we know that stimulus conditions never remain 
identical, and indeed may vary drastically in real life situations, 
makes this a very practical sort of experimental variable. Recog- 
nition of the potency of such a variable will also serve as a 
reminder that the three little letters constituting a nonsense 
syllable are not the stimulus but rather the focal point of the 
stimulus complex. Components of this stimulus complex which 
remain relatively constant throughout learning will. perhaps be- 
come associated with the response, and their variations at time 
of recall may be expected to reduce the frequency of correct 


response. 

It is difficult to vary large portions of the context systematically, 
and know quantitatively what is being varied. Learning in one 
room and recalling in quite a different room will bring about 
a decrement in retention, but it is hard to plot the change in recall 
as a function of a.continuous variable. Hence, laboratory studies 
have inclined to be more analytical by varying just a small portion 
of the stimulus context. We will illustrate this with one study 


performed by Dulsky (82). 3 
Dulsky used paired nonsense lists, ten pairs to a list. Back- 
tting the words on different 


ground context was varied by pu 
d then changing the colors at the time of recall. 


colored papers an 
sMany different colors were used during learning and many 
changes were made at recall. As cantrol it was necessary, of course, 
rds retain the same context at recall that they 
had during learning. We may combine all the conditions which 
did have a change in context at recall and compare them with 
all conditions under which there was'no change. Under conditions 
of no change a total of 365 responses were correct at recall, whereas 
under conditions of change only 265 responses were correct. 
More startling, however, is the fact that with no change the lists 
were relearned after 5 minutes in an average of 4.8 trials, but 
with change it took an average of 13-7 trials to relearn—almost 
three times as many trials with change of context as without 
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change. The possibility of interpreting such results in terms of 

negative transfer is apparent. ` Á 
Change of context, in short, is an extremely effective variable. 

£" The greater the change the greater is the decrement in recall. 


Other Learning 

Most theories hold that the interference of other learning is a 
major factor bringing about forgetting; a task is forgotten because 
other learning interferes with its’ being remembered. Such theories 
have as their empirical basis Many experiments in which two 
learning tasks are given S in order to see what influence the learning 
of one (either one) has on the retention of the other. 

Retroactive and proactive inhibition. There are two classes 
of operations by which the effect of other learning or retention 
is ` studied. One’ ‘operation Produces retroactive inhibition, the 
other proactive inhibition. These may be designated as RI and PI 
respectively. We define RI as the decrement in retention of a 
task as a consequence of other learning coming between the 
learning and the retention test. PI is defined as the decrement in 
retention of a task as a consequence of other learning coming 


‘prior to the learning of the task on which the retention test is 
made. 


In most cases, as we have seen, 
the passage of time, without the fo 
Consequently, in R7 and PI part 
is allotted to 


“natural” forgetting which woul 


some forgetting will occur with 
rmal learning of other material. 
of the decrement in retention 


Control (Both RI and PI) 
‘Experimental; RI 
Experimental: PI 
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a z SS after the same time interval in all three conditions. 

z parison of retention of A under RI condition with the 
retention of A under the control condition gives the amount of 
forgetting which is due to the learning of B. A- comparison of 
the retention of A.in the control as compared with the retention 
of A in the PI condition gives the amount of forgetting that can 
be attributed to the prior learning of B. Comparing the retention 
of A in the RI and PI conditions would give an indication of the 
difference ir: forgetting caused by the locus of B, i.e., whether it 
comes before (prior learning) or after (interpolated learning) the 
material to be tested for retention. Design Methods II, III, and 
IV have all been used in studying these phenomena. 

It will be noted that the PI experimental condition calls for a 
retention test of the material which was learned second. (follow- 
ing B). This requires that a rest interval be inserted between the 
learning and retention test of the second task; otherwise, there 
would be continuous learning of this second task and no inhibition 
would be expected. The length of the rest interval must therefore 
become a rather important variable in the production of PI. RJ, 
on the other hand, can be obtained by giving A-B-A with no 
appreciable interval between tasks. 

We have already seen that comparing the retention under a 
control condition with the retention under an experimental 
condition gives a basic measure of PJ and RI. The retention 
‘measurements may be any of the four discussed early in the 

ctice recall measures have been 


chapter, although in actual pra 
function of 


most widely used. The decrement in retention as a 
be calculated in several ways. 


other learning may, however, 
olute units. For example, suppose 


(1) It may be expressed in abs 
der the control condition was six units and 


the mean recall un anc 
under the RI condition, three units. The difference, three, indi- 
cates the absolute amount of RI. (2) The amount of inhibition 
may also be expressed in percentage terms. To calculate per- 
centage decrement we subtract the retention under the experi- 
mental condition from the retention under the control condition, 

der the control condition and multiply 


divide by the retention un 
er to change to per cent. This formula is: 


1 100 in ord 


by the usua 2 í 
© — E (100). In the illustrative problem it would be 6 — 3 (100), 
Gal I gi 6 7 


Cc 
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which is 50 per cent RI. (3) In some studies the absolute amount 
of RI has not been used; rather, the total forgetting is determined 
by subtracting the retention score on the RI condition from the 
score made on the last learning trial of that condition. This differ- 
ence is compared directly with the corresponding difference of 
the control condition. (4) Latency of response is sometimes used 
as an auxiliary measure of inhibition. It is assumed that the longer 
the‘latency of the response at recall the greater is the inhibition. 
With human Ss such a measure is not to be considered a substitute 
for actual recall measures, 

It has often been noted that significant amounts of RI and PI 
will be found in recall Scores, but that following recall there will 
be no significant difference in trials to relearn a control and an 
experimental task. Both RI and PI are relatively transitory (as in 
the case of straightforward negative transfer), but if the amount 


of inhibition at recall, is severe, differences in relearning trials 
will appear. 


at once that we are dealing with a trans- 
ctors which influence transfer will in- 
fluence RI and P7, Indeed, similarity and relative degrees of 


are the two most important variables 
determining the extent of RI and PI. 


selves are the length of time interval 
learning, the time between le: 


3 > but only a small number have been done 
on PI, since it is a relatively recent discovery (1927). From the 
many possible factors which have been shown to influence RI, 
we shall choose three for brief discussion, these three being 
especially powerful in producing changes in amount of 
forgetting. 

1. Similarity. Methods of manipulating similarity are given in 
(Chapter IX. As in the transfer of training situation, unless a 


minimum amount of similarity is Present between tasks, little RI 
will be produced. If 


conditions‘ of similarity are such that they 
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produce high positive transfer, they are likely to produce retro- 
active facilitation also; if similarity conditions will produce high 
negative transfer, they will also produce high RI. The most 
definitive study on this variable has been performed by Haagen 
(133), using paired-adjectives. He has shown that with very 
high degrees of similarity between lists, facilitation will take 
place in recall of the first list. As similarity decreases, facilitation 
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Fig. go. Retroactive inhibition as a function of degree of interpolated learning. 
Data from Melton and Irwin (255). 


changes to inhibition and the increase in RI is very sharp until 
greatest inhibition occurs when the two lists are of the A-B, A-C 
relationship. With dissimilarity of both stimuli and response, only 
slight RI is produced. 

No systematic studies on PI as a function of similarity have 
been performed, put one can infer from several studies that it is 
a very critical variable for PI as it is for RI. 

2, Degree of Interpolated Learning. With a wide range of materials, 
data on this variable are consistent in showing that as the degree 
of interpolated learning increases, while holding the first list, 
(original) learning constant, RI increases. There is slight evidence 
that with great overlearning of the interpolated list, RJ may 
decrease slightly. Let us look at the results of one study. 
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Melton and Irwin (225) used serial lists of 18 nonsense syllables. 
The original list was always presented for 5 trials, and the inter- 
polated list for o (control), 5» 10, 20, and 40 trials in five 
conditions by Design Method IV, Recall and relearning of the 
original list:took place after 30 minutes for all conditions, The 
mean correct items on the first four relearning trials are shown 
in Fig. go. The first relearning trial is, of course, the recall trial. 
These curves do not show RI directly. The amount of RI would 
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Number Interpolated or Prior Lists d 

Fio. 91. RI as a function of number of interpolated lists, and PI as a function 
of number of prior lists (391). 


trials, The amount of RI with 40 interpolated trials is slightly 
less than with 20. 

For PI the degree of prior learning corresponds to degree of 
interpolated learning in Ry Tt has been shown that as degree of 
prior learning increases, PI increases (394). The absolute decrement, 
however, is somewhat less than in RI produced by varying degree 
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In one experiment (391) the original learning was carried to a 
criterion of 6 out of 10 responses correct on a list of paired two- 
syllable adjectives. On four conditions Ss were presented o, 2, 4, 
or 6 interpolated lists for 4 trials each. Each list had the same 
stimuli as the original list but different responses. The conditions 
were counter balanced by Design Method III. The original list 
was recalled after 25 minutes. RJ, as shown in Fig. 91, was deter- 
mined by subtracting the mean number items recalled on the 
experimental conditions from the mean number recalled on the 
control condition (zero interpolated lists). 

In the same experiment the number of prior lists was varied in 
exactly the same fashion as were the interpolated lists. The recall 
results, indicating PJ, are also shown in Fig. 91. We see that the 
general relationship between RI and PI and number of prior or 
interpolated lists is the same, although the absolute amount of RI 
is greater than the amount of PJ. 

This brief analysis of three major variables shows how large 
amounts of forgetting may be produced over very short intervals 
by manipulating other learning. The fact that all these retention 
losses are underscored by similarity of materials makes interference 
among activities a major factor in forgetting. 

RI vs. PI. All evidence points to the fact that forgetting produced 
by RI is greater than that produced by PI over short intervals 
of time, perhaps, a few hours. However, as the retention interval 
increases PI becomes greater and greater until it equals RI. This 
interval, necessary for the two to become equal, will probably vary 
as a function of a number of conditions. In one experiment (392), 
it was about 48 hours. 

The high degree of relationship between RI and PI as. a function 
of manipulable variables strongly suggests that both are based 
on the same mechanisms and together can account for a great 
deal of forgetting. 

The memory span. The memory span is defined as the number 
of units which on the average can be reproduced correctly after 
a single hearing. It has been customary to use one-syllable units 
of some kind (such as: digits) as the material for determining the 
memory span. E reads several series of digits at the rate of one 
digit per second, and S attempts to write each series immediately 
after hearing it. $ must reproduce perfectly to receive any credit. 
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The series read by E will vary in length from a short series which 
all Ss get correct (perhaps 4 or 5 items) to a long series which 
few get correct (12 to 15). Each length series is presented several 
times. If we want a single measure to indicate the memory span 
for a given S, we may (following psychophysical procedure) 
find the length of series which is correctly reproduced 50 per cent 
of the time. 

RI and PI have been discussed in relation to two tasks or two 
lists. Yet, these same phenomena occur within a series such as in 
the memory span series. Items in a list interfere with the recall 
of other items in the list, and the interference is a function of the 
same variables which produce inter-list interference. It is clear 
that the interference within a list should be a two-way phenomenon; 
items which come after item D should interfere with its recall 


(RI), and those which come before item D should interfere with 
its recall (PI). 


Summary of Variables 


We have discussed all the major variables influencing forgetting 
as they have been studied by experimental technique. In view of 


the length of this section a summary of the evidence concerning 
these variables is in order. 


1. Time. The greater the length of time between learning and 
the retention test, the greater is the forgetting, 


2. Degree of Learning. The less the de: 


gree of learning the faster 
is the forgetting. i 


3. Massing vs. Distribution. If distribution of practice enhances 
learning (as compared with massed learning), the rate of forgetting 
will be greater following massed learning than it will following 
distributed learning. 

4. Type of material. 

a, Meaningfulness. The less meanin; 
rate of forgetting. 


b. Intra-task similarity. The greater the degree of intra-task similarity, 
the faster is the forgetting. . 

c. Affectivity. The relationship is unknown, 

d. Degree of Motor Involvement. Experimentally untested. 


gful the material, the faster is the 


5. Context. The greater the change in context between learning 
and retention, the greater isthe forgetting. 
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6. Other Learning. The learning of other tasks, especially similar 
tasks, markedly increases amount of forgetting. 


THEORY 


A theory of forgetting must start with the basic facts we have 
summarized and try to account for them with as few assumptions 
as possible. While no attempt will be made to outline a complete 
theory here, we may at least look at the general form which the 
most influential current theory takes. 

It is almost axiomatic that because of the close relationship 
between learning and forgetting, a theory of forgetting must start 
with at least general assumptions concerning the learning process. 
In greater detail, the theory needs to explain the relationship 
between manipulable variables and rate of learning. Since these 
variables also influence rate of forgetting, the outline of a for- 
getting theory is automatically established. Only one additional 
assumption must be made, namely, an assumption concerning 
“what goes on” between the end of learning and the retention 
test which may account for the observed decrement called for- 
getting. 

The researches on RI and PI, on changes in what is remem- 
bered, on intra-task similarity, on context, and on meaningfulness, 
indicate that a key assumption in a theory of forgetting will be 
one which accounts for interference between activities. That an 
interaction between activities takes place, and that this interaction 
produces interference, seems inescapable. Such interference is not 
limited to serial lists or paired associates. Retroactive inhibition, 
for example, is not restricted in scope, since it has been produced 
with many tasks and many organisms. A recent experiment (263) 
has produced carefully measured retroactive inhibition .in. cock- 
roaches. Although such a study might be performed partly because 
those particular Ss are plentiful, B’s real motive is a desire to test 
the generality of a phenomenon. 

The evidence for interference is by no means entirely inferential. 
During retention tests Æ observes errors (intrusions) which can 
be traced directly to other learning. He assumes that such intrusions 
are indicative of interference. A theory must then proceed to 
specify what mechanisms may éause the amount of interference 


36 
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to vary and how, in turn, the mechanisms change with manipu- 
lations of the stimulus variables. 

The most acceptable theory at present, that of Gibson (106), 
makes use of generalization as the mechanism which produces the 
interference. A great many data, from both transfer of training 
experiments and forgetting experiments, support the usefulness of 
the concept. We have seen that the mechanism is helpful in 
explaining the results of many transfer of training experiments; 
we have also seen that retroactive and proactive inhibition are 
merely elaborations of the transfer of training paradigm. 

No one, of course, attempts to explain retroactive and pro- 
active inhibition on the basis of one set of principles, and natural 
forgetting on another. Retroactive and ‘proactive inhibition are 
viewed as ways of heightening or exaggerating the processes 
which are believed to operate in natural forgetting. When S 
learns a single list of words and recalls and relearns that list after 
one week, forgetting is measured and the assumption is that retro- 
active and proactive inhibition produced the loss. If we knew all 
the past learning of $ (which produces proactive inhibition) and 
all the learning between the acquisition of the list and its reten- 
tion (which produces retroactive inhibition), the presumption is 
that we could account completely for the measured forgetting 
of the list, 

We may, then, use generalization, and its opposition concept, 
differentiation, to explain forgetting. Differentiation is to be 
thought of as an integral part of the learning process. Differentiation 
is the Positive process which- reduces the generalizing (inter- 
fering) tendencies. The basic assumption of the theory is that 
following learning (when. active differentiation is no longer occur- 
ring) the generalizing tendencies previously present recover with 
the passage of time. On the basis of this assumption one may 
explain forgetting at three different levels of experimental opera- 
tion. 

1. Within a task. Data on intra-task similarity and learning and 
forgetting support the use of the concepts of generalization and 
differentiation. During the learning of a task in which com- 
ponents are similar, the components must be differentiated— 
generalization among the components must be reduced. If the 
assumption is that generalization tendencies recover with the 
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passage of time following active learning, these tendencies would 
produce interference among response tendencies, hence, forget- 
ting. 

2. Between known tasks. If S learns two tasks which are similar 
(as in retroactive and proactive inhibition), the first task generalizes 
with the second. Differentiation is established as the second task 
is. learned. With the passage of time these generalization ten- 
dencies recover, and we have retroactive inhibition when. we 
measure retention of the first list or proactive inhibition when 
we measure retention of the second. Forgetting produced in this 
fashion is added, in a sense, to forgetting stemming from intra- 
task generalization. 

3. Between a task and other unknown tasks. When S learns a task, 
it is presumed that part of the process consists in differentiating 
it from other tasks which he has-learned but which are not under 
control of E. With the passage of time, generalization recovers 
and produces interference at recall. 

Such a theory cannot be completely developed until more is 
known about response generalization.. The assumptions concern- 
ing the characteristics of response generalization made in Chapter 
IX will certainly have to have independent empirical verification 
before the theory can gain a firm footing. Yet at present, such a 
theory. (based on both stimulus and response generalization) seems 
to account most adequately for the available facts. 


SUMMARY 


1. Retention refers to amount remembered of what was learned at 
some previous time. Forgetting, a reciprocal term, refers to amount 
not remembered. 

2. Since variables which increase rate of learning retard rate 
of forgetting, fairly accurate predictions concerning forgetting 
can be made by studying learning rates. 

g. Four response measures are used in studying forgetting: 
(a) recall, (b) relearning, (c) recognition, (d) reconstruction. 

4. The relationships between rate of forgetting and each of 
the following variables were discussed: (a) time between learning 
and retention test; (b) degree of learning; (c) type ‘of material,. 
including meaningfulness, intra-test similarity, affectivity, and 
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degree of motor involvement; (d) massing vs. distribution of 
practice; (e) context; and (f) other learning. 

5. Forgetting is believed to be due to interference among 
response tendencies of different tasks. A theory which accounts 


for this interference on the basis of generalization was discussed 
briefly. 


CHAPTER XVI 


Work 


INTRODUCTION 


The area of study. The term work, as the psychologist uses it, 
is not easy to define. The most specific delimitation of its meaning 
which we shall. attempt is to confine its use to the performance 
of S when he continues to repeat a well-learned behavior sequence. 
Actually, the topic work is implicit in all the major behavioral 
phenomena with which this book has dealt. Repetition of a response 
may change our discriminal processes (as when visual acuity is 
lowered); work is vitally dependent upon motivation; work may 
bring frustration or conflict; work output may vary as a function 
of transfer of training. Indeed, we shall find that separating work 
from learning phenomena is a difficult task. j 

Work, as it shall be thought of here, reduces to an experimental 
procedure. S learns a response as well as possible, so that little 
facilitation will occur with' further practice; the changes which 
occur thereafter are dealt with as the experimental study of work. 
The presumption might be that during this stage a decrement in 
performance will inevitably result. But since we realize that 
psychological processes are not turned on and off by labelling 
them with new words, we will not be deluded into thinking that 
the processes which produce learning cease when the topic changes 
from learning to work. Therefore, we should not assyme that 
decrements will always occur. i 

Some of the possible work trends are represented schematically 
in Fig. 92. First, a learning curve is pictured that has reached an 
asymptote for a given set of conditions. Thereafter, continued 
repetition may bring any one of several possible work curves. 
These curves are depicted as showing decrements, but no one 
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ith i d motivation, or, with improved work 
oahi ma sea could rise. Part of our task in this chapter 
sai eo eae certain variables which produce differences in 
se of work decrement as abstractly shown in the various curves 
in Fig. 92. 
aa ol years three books (13, 23, 327) largely concerned 
with work and work efficiency have been published. These books 
contain reviews of the literature covering several different ap- 


Performance Measure 


Successive Repetitions 


Fio. 92. Schematic relationship of work and iT i 


learned, continued repetition of that response may bring a variety of work decre- 


ment curves depending upon the manipulation of conditions under which that 
work is performed. 


proaches to the study of work. 
extensively are: 

1. Physiological Studies. The Physiological “cost” of various 
kinds of work. Experiments determine metabolic rates, circulatory 
changes, oxygen intake, and so on, as these accompany work. 

2. Industrial Production, Experiments in work o 


The three approaches treated most 


determine how changes in such conditions as lighting, temperature, 
affect production, 


Analytical investigations of 
rt to determine specific causal 


in this book, the 
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physiological studies will not be taken up. Our major emphasis 
will be on the third approach but through it we will be able to 
perceive some of the probleis which must be faced in the second 
approach. 

Plan of chapter. In this chapter it will be necessary to stress 
measurement and interpretation problems. By an interpretation 
problem is meant the problem of assigning a specific causal factor 
to account for an obtained result. E, of course, in carrying through 
an experiment, will attempt to control all variables except one. 
However, in the case of long work periods it is quite possible 
that other variables do not remain constant, so the problem 
arises how to interpret the data obtained. In view of the im-. 
portance of these problems from the analytical point of view, 
the one we have stressed throughout the book, we shall devote 
considerable time to them. The major divisions of the chapter are 


as follows: 


Tasks used to study work 
General analysis of work 
Measurement problems 
Motivation and rate of work 
. Task variables 

. Transfer of work decrement 
. Rest pauses 


POPPE Ps 


TASKS USED TO STUDY WORK 


Tasks which have been used in the study of learning have rarely 
been used in studying work also, apparently because the experi- 
menter cannot control enough of S’s time to get him well-practiced 
before the work experiment is initiated. The most common proce- 
dure therefore has been to use tasks which fall into one of two 
categories. (1) Tasks which, because of their simplicity, show 
very little practice effect. Simple manual work (such as lifting 
weights) or color naming are representative. (2) Tasks at which 
the performance has already reached a high level of proficiency 
in the normal course of S’s life. Such a task is illustrated by simple 
arithmetic addition. On the whole, laboratory tasks used to study 
work have been relatively simple as compared with those used to 
study human learning. 
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For discussion purposes we may divide work tasks into three 
categories, depending upon the amount of apparent muscular 
involyement. . AE 
Migh muscular involvement. Physical labor is studied in the 
laboratory by using a device called an ergograph. The ergograph 
may be adapted to measure work output of several different 


nipulating the ergograph are-obvious: 
the amount of load, the distance of 


e ergograph (or on 
the unit used for the 


of equal duration and the total work d 
determined. 

-A somewhat different ent is illustrated by 
the curve of muscular work in Fig. 93. In this work E determined 
the height of contractions for successive fifteenths of the work 


method of Measurem 
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period. The data on which the curve is based are mean values for 
nine work periods for one S who, during each work period, lifted 
a 24-pound weight with his arm. 


Helght of Contraction (em,) 


1 23 4 5 6 7 8 9 10 11 12 13 14:15 
Successive Fifteenths of Work Poriods 


Fio. 93. A work curve for simple muscular contraction in lifting a 24-Ib. weight. 
Data from Neifeld and Poffenberger (280). 


Medium muscular involvement. A great many tasks fall 
roughly in the middle range of a continuum defined as amount 
of overt muscular involvement. To cite three of these tasks as 
samples: ; 

1. Letter Writing. S is asked to write a certain series of letters 
(such as abc) over and over again as rapidly as possible. 

2. Cancellation Tests. S is given sheets with many rows of letters 
appearing on them and is requested to cancel out or draw a line 
through certain letters, say, f, g, and z, leaving all others un- 
cancelled. The letters may appear as follows: 


ghizpxocivubyntmrlqlwkaospftzgriejsutbf! hwutodhtjsydgtkziahdzt 
gdutospxhfjvkwtquftabzythf: itudpqtsdlqpxhbgtrofysftgyokheidtvm, etc. 


“3. Assembly-Like Tasks. Such tasks as sorting articles, boxing 
or wrapping products, and many others have been used, but 
usually in the actual factory situation. For example, Rothe has 
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ùblished a series of articles on work output of women whose major 
ae was to wrap quarter-pound blocks of butter in parchment 
aper (324). 
i most experiments using materials of this nature, S works for 
a constant period of time, the length of the period varying a great 
deal depending upon what problem Æ is studying and the rate at 


which he requires S to work. The customary response measure is 
output per unit of time. 


Minimum muscular involvement. 
tasks falling into this category. 
1. Simple Addition. This is 
task requiring little. overt m 


Again, we list sample 


Swers, or somewhat more overt motor 
behavior may be involved 


sheets and S writes the ans 


3. Complex Tasks. Com 
mental multiplication, and e 
used in work studies, 


plex tasks such as Sentence completion tests, 
ven intelligence tests have occasionally been 


a simple phenomenon; instead, the outp 
by a number of factors which vary from hour to hour. 


It is quite obvious that the dimension, Cegree of motor involve- 


work tasks does not at all 
There are other differences, 
for perceptual acuity (cancellation 
degree of complexity (intelligence test 


complete the description of the tasks. 
such as extent of demands 
vs. ergographic work), 
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performance vs. color naming), and homogeneity-heterogeneity 
(writing abc vs. arithmetic addition). Later there will be room 
for some data on the relationship between rate of work and such 


dimensions. 


2 8 
oo 
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$8 
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= 
© 
© 


Total Correct Responses 


3 


£ 300 
& 
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123 4 5 6 7 8 9 10 
Successive Hours of Work 


Fic. 94. A to-hr. work curve in adding numbers. Data from Reed (302). 


GENERAL ANALYSIS OF WORK 


We have observed work curves and know in general the opera- 
tions by which such curves are derived. Before introducing the 
variables which influence the rate of work, hence the shape of the 
it will be helpful to dip briefly into a general analysis of 
By so doing it will be possible to integrate 
Its of the various experiments which 


curves, 
the work situation. 
more adequately the resu 


follow. , s 
Work inhibition. It has been apparent that in studying work 


Es have chosen tasks for which there is very little learning or 
practice effect. Or, they have attempted to get S well practiced 
on the task before initiating the series of work trials. Now, it 
t be asked how one is to view work in relation to learning. 
it has been said, is a logical construct; it is a hypotheti- ` 
cal process inferred from an observed increment in performance. 
There is another logical construct applicable when a decrement in 
performance occurs with continued repetition of a response under 
conditions which might previously ‘have yielded an increment. This 
construct may be called work inhibition. 


mus 
Learning, 
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Characteristics of work inhibition. Three characteristics 
must be assigned work inhibition if it is to be a useful construct in 
explaining empirical data. i . 

1. Work inhibition is generated each time a response occurs. 
This implies that it occurs during learning, i.e., during the very 
trials in which there is observed an increment in performance. 
We therefore must assume that when an incr 
positive effects of learning are 
work inhibition. However, 


ement is observed 
greater than negative effects of 
the learning process reaches a limit 
under a given set of conditions so that further repetition adds 
but little to it. If it is assumed that work inhibition continues to 


accumulate with each response, we can see that effectiveness of 
learning would be reduced, and 


on which is generated is directly 
gor or effort of musculatures involved 


3. Finally, it must be assumed that work inhibition dissipates 


with the passage of time. This is a necessary assumption in view 
of the common observation that decrements in performance will 
be reduced if rest Periods occur. * 


Relationship of work inhibition 
concepts. 1. In Chapter XI we first dj 


* Work inhibition is not used here as 
the simplified characteristics here assigned work 
only that it reduces the Probability of response repetition 


Solomon (361) for more extensive and somewhat diffe: 
inhibition. 
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be. We should expect that, in work studies, distribution of practice 
will greatly facilitate output. This has been confirmed many 
times. 

2. We have also seen that some theorists believe extinction of 
a conditioned response results from the development of a work 
inhibition (cf, Mowrer and Jones, 275), and that the greater the 
amount of work required to make a response the more rapid is 
the extinction. Note, however, that extinction involves the removal 
of the incentive (which is not true in work studies) so no one 
need expect work curves to show characteristics of extinction 
curves. 

3. In the introduction to the chapter on forgetting (XV) it 
was suggested that processes which cause forgetting are also 
present during learning, and that these could be thought of as 
negative processes, which opposed the positive or excitatory 
processes. The negative processes which cause forgetting are not 
to be considered work inhibition, since they have characteristics 
quite the opposite of those demanded of work inhibition. That 
is, processes wllich cause forgetting are reduced in inhibitory 
effectiveness during learning and recover in effectiveness with the 
passage of time. We know that if a task is greatly overlearned, by 
requiring S to relearn it many times, very little forgetting takes 
place. This is the situation which is presumed to exist in the study 
of work; the task is so well learned that forgetting processes 
probably play a very minor réle in the performance. However 
this may be, we shall assume it in order to reduce the complexity 
of the analyses which have to be made. 

The complexity of work data requires that a conceptual frame- 
work be provided for ordering the results of various studies. The 
above discussion provides the particular point of view to be 
employed, but this view need not prejudice our evaluation of 
experimental procedures as such. 


MEASUREMENT PROBLEMS 


Ideally, work studies would be designed to hold motivation 
constant and learning at zero. However, psychologists have not 
deceived themselves by assuming that all learning is removed 
from work situations or that motivation is always constant. Later 
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the relationship of motivation and work will come up; at present 
we need to look into problems pertaining to learning in the work 
situation. 

Many years ago Thorndike (377) fully recognized that the 
actual decrement in performance produced by what we are 
calling work inhibition was probably offset to some extent by 
learning. Thorndike proposed, therefore, that steps be taken to- 
measure the work decrement independent of learning, and sug- 


Work Output 


Trials 


Fic. 95. Illustration of Thorndike’s method for measuring work decrement. 
See text for explanation. 


gested a method which we shall call the work-rest method. Figure 
95 shows a work curve for Day 1, and three different hypothetical 
performance curves obtained the following day on the same task. 
By the work-rest method the amount of actual work decrement 
produced on Day 1 is determined by the difference in perform- 
ance at the end of Day, 1 and at the start of Day 2. Work inhibi-, 
tion generated on Day 1 dissipates, thus leaving the response 
strength at the start of Day 2 entirely dependent upon learning. 
If, for example, the measurement on Day 2 was that shown by 
Curve A, the work decrement which took place on the previous 
day must have been much greater than was apparent during that 
day. The fact that the curve at the start of Day 2 is higher than 
at.the start of Day 1 suggests that some learning took place but 
was masked by the work inhibition on Day 1. Thus, the total 
work decrement which actually developed is assumed to be the 
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difference between the score at the end of Day ı and the score 
at the start of Day 2. 

If one obtained Curve B on Day 2 he would have no evidence 
of learning, and the measured decrement from beginning to end 
of work on Day 1 would indicate the effects of work inhibition, 
If he obtained Curve C he would probably conclude either that 
not enough time had elapsed for the work inhibition to dissipate 
or that forgetting had taken place (assuming that motivation was 
constant on both days). 

Figure 94 showed a 10-hour performance curve for simple 
addition. The performance curve as a whole suggested some 
decrement, although output was not seriously impaired. In this 
experiment Ss returned the following moming for a 10-minute 
work period in order to allow application of the work-rest method 
of measuring the work decrement which had taken place on the 
preceding day. Let us examine the evidence collected. On the last 
10 minutes of the first day, Ss correctly worked 424 problems. On 
the 10-minute period of the second day, they correctly worked 503 
problems., Thus, on Day 1 it appears that the observed work 
decrement, obscured by practice effects, was less than the “‘true” 
decrement. As determined by the work-rest method the influence 
of work inhibition decreased performance by 79 problems (503- 
424), which, since there were 8 Ss, is an average of over 9 problems 
in a 10-minute ptriod, or about 1 problem per minute. 

Difficulty of interpretation. In actual practice, some Es have 
used the work-rest method and some have not. If a stimulus 
variable is being manipulated, relative work decrement produced 
by the various conditions can be obtained without using the 
method. If we are interested in determining the absolute influence 
of work inhibition on output, the work-rest method will probably 
give a better estimate than will measurements during a single work 
period. Certain considerations, however, will show that precise 
interpretation of the obtained measurements is very difficult. To 
use the work-rest method we assume that motivation is the same 
at the end of Day 1 as at the start of Day 2. Since it is very difficult 
to determine. the level of motivation at the two points, the equality 
of motivation must be assumed, and this is indeed a rather tenuous 
assumption. 

“But,” you may reply, “isn’t decrease in motivation a cause of 
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work decrement, and, if a difference is produced between Day 1 
and Day 2 because of differences in motivation, isn’t one justified 
in using the method?” It will, of course, be seen that decrease in 
“motivation may certainly produce a work decrement. But the 
rest period between Day 1 and Day 2 is not inserted to allow 
for an increase in motivation; instead it is there to allow a dissi- 
pation of work inhibition which is defined as being independent 
of motivation. Hence, if the motivation is not constant at the two 
points it is a question just what we are measuring. 

Two other factors complicate the interpretation of results 
obtained by the work-rest method. If S$ knows that he is about to 
finish work on Day 1, he may show an end spurt in performance, 
a phenomenon which is believed to be motivational in nature. 
Secondly, some work curves show a warm-up effect, for at the start 
performance accelerates sharply. This phenomenon, if present, 
would confuse the interpretation of data taken on Day 2. All 
things considered, the major asset of using thé’ work-rest method 
for measuring work decrement is that it demonstrates the com- 
plexity of work phenomena and it shows that practice effects 
may obscure the extensiveness of work decrement. The method, 
however, can in no sense be thought of as the method which 
measures “true” work decrement. The problems involved in 
interpreting data gathered by the work-rest method are not as 
difficult if very short work periods are used, let us say, 10 to 20 
minutes. Fluctuation in motivation is- likely to be much less for 
short intervals than for long intervals. With such short work 
periods it may be possible to use fairly short rest intervals, although 
the length of period needed for the dissipation of work inhibition 
is largely conjectural for tasks involving learning. ` 

It should be pointed out that the work-rest method of measur- 
ing work decrement is almost the same method used to measure 
reminiscence (Chapter XV). The only difference is that a control 
group is not used in measuring work, the assumption being that 
the work curve may easily be extrapolated to the next trial if that 
trial came immediately after the work on the first day. It'is not 
only because the two phenomena are measured in the same fashion 
that the similarities should be pointed out, but also because both 
recovery from work and reminiscence (in motor learning, at 
least) may,be one and the same thing. The difference in point of 


na 
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measurement—reminiscence being measured during learning and 
work recovery following work decrement Ley ater futher Ye 
provement by learning is unlikely—should not obscure the possi- 
bility that both may depend upon the same mechanism. 

This general analysis of measurement problems shows that in 
dealing with work decrement we shall have difficulty in pointing 
out specific causal mechanisms which produce the observed per- 
formance. Probably no other situation brings together at one time 
sO many antagonistic behavior determinants as does: work, this 
being especially true under prolonged work. 

In the design. of experiments on work, no new problems are 
encountered. All four Design Methods have’ been used, with Design 
Methods II and IV most common in laboratory studies. In several 


Other measurement problems. Thus far we have said nothing 
about Ss’ feelings concerning work. Next to weather notes, casual 
interchange of conversation probably deals most frequently with 
topics of personal reactions to work, “I’m tired” 3m bored”; «€ 
feel restless,” are comments which: indicate that wwe make what 
are technically discriminations (no matter how flippant) about 
our work situations. Since nearly everyone works, the Personal 
‘aspects of work would seem to provide a fertile source of data, 
At present, however, about all we can safely say concerning the. 
subjective aspects of work is that there are stich aspects, and that 
they vary among individuals and within the same individual at 
different times and in different work situations, Bartley and 


: 1 » the current 
emphasis on work output will become secondary in the laboratory 


For present purposes, however, we shall have to retain the emphasis` 
upon work output. 


37 
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MOTIVATION AND RATE OF WORK 


Introduction 


In long term experiments on work it is almost impossible to 
segregate the influence of motivation from the influence of other 
factors. This problem is present in learning investigations but to 
a less critical extent. In the first place, most learning experiments 
cover relatively short intervals; extended learning experiments 
contain provisions for rest intervals, so that motivation will not 
drop. Furthermore,’in studying learning, motivation can be sepa- 
rated most clearly from other factors by using animals. Animals, 
however, can seldom be made to do extended work because 
performance must be accompanied constantly by incentives which 
in turn reduce the motivation. It is possible that the larger animals, 
such as horses, might be capable of becoming laboratory subjects, 
but the white rat would be difficult to handle in a work situation. 
We do not say, of course, that motivation of humans is not reduced 
by long periods of work, but everyone knows that humans will 
continue to work for long periods. It is known in such cases, 
therefore, that motivation is not zero. 

Preliminary analysis. Let us suppose that $, working under a 
given sct of conditions, shows a gradual decrement in his work 
output. We offer him a sizeable prize for increasing his perform- 
ance. He does so, and the curve rises. Are we to say that this 
demonstrates learning? From a sheer definitional standpoint it is 
learning, although it is not commonly called such unless the 
performance rises to a level beyond that which it had been at the 
start of the work series. Yet, this criterion is not satisfactory. It is 
possible that the rise in performance beyond previous levels reflects 
learning which had taken place during the interval between the time 
when the work period started and the introduction of the incentive. 

The rate of rise is probably the most satisfactory criterion we 
have for distinguishing between new learning as a consequence 
of additional incentives and old learning (which is depressed by 
work inhibition and only shows itself when an incentive is intro- 
duced). We know that learning is a gradual process. If, following 
the introduction of an incentive in a work situation, the per- 


formance “jumps” to a higher level, itis unlikely that new learning 
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is involved. Such a situation was reviewed in Chapter VI, and 
the results shown in Fig. 32. There was no evidence of g:adual 
improvement; rather, it was as though the incentive (competi- 
tion) brought out ability already acquired. On the other hand, 
there is evidence that new learning can be involved in such situa- 
tions. In Kitson’s classic study (199), hand compositors in. a 
printing firm were offered a bonus for more rapid work. The 
men had been employed in this capacity for an average of 10 
years before introduction of the bonus system. For many weeks 
after introduction of the bonus, production continued to rise; 
there was no jump to a given level. If this were merely a matter of 
the incentive “bringing out” previously acquired learning, we 
would have expected a sharp rise in output. Such evidence leads 
to the conclusion that incentives offered for increased rate of 
work may not only increase the motivation to exhibit learning 
which had already taken place, but may also provide a facilitating 


condition for more learning. 
The fact that incentives may increase rate of work demonstrates 


the possibility that increased motivation counceracts work inhibi- 
tion. Let us examine in some detail several experiments relating to 


incentive variation and set. 


Incentive Variation 

Positive incentives have been shown universally to (1) delay 
work decrement, (2) prevent it, or (3) increase performance. 
These relationships hold only if the incentive is pertinent to a 
motivating condition. If a young girl working in a factory is 
forced to turn her pay. check over to her father each week, a 
money bonus would probably bring little improvement in her 
whereas, let us say} a bonus of a fur coat would. The 


production, 
be such as to enhance and sustain a dominant 


incentive must 


motive. 
Ergographic work. In an experiment by Preston; Brotemarkle, 


and Campbell (299), 48 male Ss were used to determine the 
influence of simple incentives on work output of both the finger 
and the arm. All Ss served in 2 sessions, 1 week apart. An unusual 
technique was used to arrange experimental and control condi- 
tions, in that incentives were given for work with the left arm 
and left finger but no incentives were given for work with the 
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right arm and right finger. On the first session, all Ss worked 
with no special incentives in producing an ergogram for their 
right arins and fingers, and left. arms and left fingers. On the 
second session, ergograms were taken on the right arm and right 
finger without incentives and on the left arm and left finger with 
incentives. Differences in the amount of work at the first and 
second session with right arm and finger as compared with 
differences in work with left arm and finger gave the quantitative 
measure of the influence of the incentives. The order of work was 
counter-balanced for the different appendages during the first 
session. On the second session the ergograms on the right arm and 
right finger were taken before those on the left arm and finger. 
Thus, there was no possibility of transfer of incentive influence, and 
if there were any transfer of work decrement from the right arm 
and right finger work to the left arm and left finger work, this 
procedure would tend to minimize the influence of the incentives. 

After taking the ergograms on the right arm and right finger 
on the second session, E told S: (Remember, the Ss were men). 


Last week I studied the records you made in a number of ways and 
discovered that you were doing just a little better on the whole than the 
average of 100 women studied here last year. I think that you can do 
better than that. What I am going to do is to give you either some cigarettes 
or some gum provided your record indicates that you are doing both of 
two things, i.e., pulling harder on each pull and making more pulls 


(299, P- 499)- 


After these instructions the ergogram on the left arm was taken. 
Note that the instructions actually might increase more than one 
motive. In them S is compared unfavorably with women; he is 
told that he should be able to do better, and finally offered an 
incentive, although the cigarettes and gum were probably quite 
insignificant as compared with the unfavorable comparison with 
women. After taking the ergogram, E gave S the gum or cigarettes 
and told him that he had improved, and asked if he would try to do 
even better on the next ergogram, which was for the left finger. 

The results of this experiment are shown in Table 32. The 
values indicate the mean differences between the first session and 
control session for each appendage. The number of pulls is used 
as one measure and the total height of the pulls in millimeters is 
used as the other. All differences between the first and second 
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session for the right arm and right finger are insignificant; all 
differences between the left arm and left finger for the two ses- 
sions are highly significant statistically. Thus, we may conclude, 
the instructions which E gave S produced a significant difference 
in the work output. 


TABLE 32 
INFLUENCE OF INCENTIVES ON ERGOGRAPHIC WORK 


Mean Difference Between First 


and Second Sessions ` 
Number Pulls — “ai 
No Incentives Right Arm 1.25 150.0 
. Right Finger 2:87 10.4 
Incentives Left Arm 4.31 1092.0 
Left Finger 10.30 126.0 


SO 


Data from Preston, Brotemarkle, and Campbell (299). 


Dynamometer work. The dynamometer, you will remember, is 
a device for measuring strength of grip. Occasionally it has been 
used to study work, with each grip consituting a trial. Knowledge 
of performance, you know, may enhance performance. Knowledge 
of performance may facilitate because it gives information con- 
cerning the correct response, and because it serves as a motivating 
factor. In the experiment now to be described there was no 
correct response, so we may consider the influence of knowledge 
of performance as being entirely motivational in nature. That 
is, S’s own performance may serve as an 
improvement. 


This experiment, by Manzer (244), was carried out with 68 

- men and 68 women, each group being divided into two sub-groups 
to serve as experimental and control Ss. On each trial the control 
groups were asked to grip the dynamometer as hard as they could. 
This was repeated 50 times at 15-second intervals, At no time did 
the control Ss know how well or how poorly they did. Experi- 
mental Ss, on the other hand, worked for the first 10 trials in the 
same manner as the control Ss, but for trials rr through 30, E 


incentive for 
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Fic. 96. The influence of knowledge of performance on work. Knowledge of 


performance was given after trials 11 through go for the experimental groups. 
Data from Manzer (244). 


told them how much they had gripped (in kilograms) after each 
attempt. From trial 31 on through trial 50, the information was 
withheld. The important data are the differences between the 
two groups, starting with the eleventh trial. These results are 
-plotted in Fig. 96, by combining successive blocks of 5 trials. The 
groups were well matched on the initial 10 trials so that differences 
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occurring after that point must be attributed to knowledge 
of performance. ` Influence of the knowledge of performance is 
marked. Performance is high initially and remains high even after 
the information is removed, 

Perceptual-motor task and social facilitation. Unless the 
task is a highly complex one, the presence of an audience usually 
facilitates work. Indeed, if S has been working for some time on 
an ergograph and seems near collapse, work output will increase 
if onlookers are brought into the room. There is also some evi- 
dence that working in a group will facilitate performance. An 
experiment by Mukerji (279), a British investigator, will demon- 
strate this. 

Mukerji used two tasks, one a cancellation task in which S was 
asked to cross out only T’s and X’s from among scores of letters 
on a page. The other task may be called the letter-shape task. In 
this task S was presented sheets on which capital letters were 
shown running in zigzag lines all over the sheets. § was to place 
a C under all curved letters (O, P, B, etc.) and S under all straight 
letters (A, K, L, etc.). The 31 Ss had been given considerable 
preliminary training on these tasks, so that the practice effect on 
the work series would be small. There were 18 boys and 13 girls, 
11 to 14 years of age. Initially all Ss worked in a group on each 
task for 5 minutes, with instruction to do as much as possible in 
the time allowed. Then, each S$ worked in isolation on the tasks 
for the same amount of time. If there were a practice effect, it 
would tend to facilitate work in isolation. A rest period between 
group work and isolated work allowed for dissipation of any 
inhibition which may have developed during the group session. 


TABLE 33 


Errect or WORKING IN Groups vs. WORKING IN ISOLATION 
Work Condition Task ‘ Mean Score 
Cancellation 149 
Group 
Letter-Type 160 
Cancellation 1 
Isolated = 
Letter-Type 132 


Data from Mukerji. (279), 
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The results (Table 33) show that group work output was superior 
to isolated work. The group presumably provides a form of com- 
petition, which we have seen to be one way of increasing motivation 


(Chapter VI). 
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Fic. 97. Initial work rate as a function of time and amount sets. Data from 
Krueger (207). 


Set 


We have consistently treated set as an aspect of motivation. 
Sets determine which stimuli § attends to, the goals he strives 
for, and in general, constitute the directive function of motivation 
as discussed in Chapter VI. One type of experiment which has 
been performed concerns work output as related to the amount 
of work which E specifies must be done (thereby inducing an 
amount set). 

‘ As an illustration, consider four conditions of an experiment by 
Krueger (207). The task involved adding series of 2 one-place 
numbers; all 36 Ss served in all conditions, by a form of systematic 
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randomization, following 6 practice days. Before each condition - 
Krueger instructed his Ss concerning the amount of work or the 
length of the work period which they were to have on that particular 
day. The 4 conditions were as follows: 


Condition I: -S told that he would work for 5 minutes. 
Condition IJ: S told that he would work 500 problems. 
Condition III: S told that he would work for 50 minutes. 
Condition IV: S told that he would work 4000 problems. 


Thus, S was faced with different amounts of work at the start of 
each period. The influence of these different sets is most clearly 
seen in the initial trials as demonstrated in Fig. 97. The unit of 
measurement was the number of problems actually completed 
during a minute, and the graph shows the mean output for the 
first 5 minutes. One general principle is clear: the greater the 
amount of work which S has to do, the less is the initial output. 
S no doubt brings some past experiences to such a situation. The 
instructions, in effect, tell him that with a great deal to do he had 
better not “burn himself out” by working too hard initially. 


Set and Distraction 


Distraction experiments are those in which E attempts to break 
S’s attention or set by forcing him to attend to irrelevarit stimuli. 
There are no general conclusions which can be drawn concerning 
these experiments. Some have shown that distracters will reduce 
performance, and others have shown that they will not. Much 
apparently depends on the task, intensity of distracting stimuli, 
length of time experienced, and whether or not S has preconceived 
ideas as to whether distraction should or should not influence 
performance. It has been demonstrated, however, that even when 
distraction does not inhibit performance, the energy expended 
is greater under the distraction condition than under the non- 
distraction condition (269). Such findings suggest that under 
distraction there may be compensatory motivation which func- 
tionally isolates $ from distraction, although how this is accom- 
plished is unknown. 

One of the most unusual studies of this problem is Hovey’s 
(156). He chose to give intelligence tests to Ss. With such a task 
there is no continual repetition of a single sequence, but we do 
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have a work situation, since the practice effect is slight. Equivalent 
forms of the intelligence test were used, the first form for matching 
the groups and the second for one group under distraction and 
for another under quiet. There was no systematic variation in 
Hovey’s distracters; instead, he simply had all manner of unusual 
stimuli present. There were buzzers buzzing at irregular intervals; 
bells ringing; organ pipes blowing; a phonograph playing popular 
music at full blast; a spotlight swinging around; men marching 
around in the room above the test room; men walking and 
talking in the test room,-and so on. In short, it was a chaotic 
situation for 20 minutes. Nevertheless, under these conditions, 
there was only a slight decrement produced in the scores on the 
intelligence test. 

A study by Laird (208), however, has shown that for a simu- 
lated assembly job, noise does have an influence on production. 
S stood in front of a moving tape in which many holes were 
punched, and inserted a stylus through each hole to contact a 
metal plate which activated a counter. S attempted to keep up 
with the tape by inserting the stylus. through all holes, which 
meant 10,500 insertions in a half day. With such a task, and with 
long periods of work, Laird found definite differences in produc- 
tion as a function of intensity, complexity, and pitch of the 
sounds which were used as the experimental variables. As in- 
tensity, predominant pitch, and complexity of noises increased, 
the errors (number of omissions) increased. A complex sound, 
varying in intensity and pitch, had the most serious effect on 
work. 

Although there are no available data on the matter, it seems 
likely that the interest in a task (which is a form of motivation) 
will be important in determining whether or not presumed dis- 
tractions do distract. The observation that extraneous stimuli may 


distract us while we are studying but not while we are reading 


a detective story is probably valid. l 
Baker’s experiment. An important factor which must be con- 


sidered in experiments on distraction and work has been dis- 
covered by Baker (7). He hypothesized that whether or not 
distraction stimuli retard performance 1s 4 function in part at 
least of S’s preconceived notions concerning the influencé ar! the 
distracting stimuli. To test the hypothesis Baker attempted to 
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give Ss certain sets concerning the influence of extraneous stimuli. 
The task was the addition of numbers. E gave S a two-place number 
and asked him to add successively 6, 7, 8, and 9 to this number, 
and report the successive answers. Thus, if E gave the number 
32, S started by adding 6 to this number (and reporting 38 to E), 
then adding 7 (and reporting 45), then 8, then g.-After 9, S 
would immediately start over again by adding 6 to the number, 
then on up to g and repeat. For each two-place number given, 
S added as accurately and as rapidly as possible for 30 seconds, 
At the end of this interval another two-place number was given 
and again. § would add 6, 7; 8, and g as rapidly as possible. The 
number of figures added during a go-second interval became the 
basic response measure. 

Baker used 7 groups of Ss, but his method and results for only 
three of these groups will be reviewed. Each group worked 10 
days working under 2 conditions each day, one a distraction 
condition, the other a non-distraction (control) condition. Each 
condition on each day consisted of ten 30-second work periods. 
On the first day S was given the distraction condition first and 
the non-distraction second; on the second day the order of the 
2 conditions was reversed, and at the end of 10 days each condition 
had come first 5 times. : 

The control conditions were the same for all three groups—all 
Ss merely added for 5 minutes. The experimental conditions for 


the three groups were as follows: 


Group I: Ss were told that the experiment concerned the influence 
of distraction on work. Each S was shown his previous day’s 
work curves under both distraction and non-distraction 
conditions. 

Group II: Ss were told that the experiment concerned the influence 
of distraction on work. Furthermore, they were shown a 
graph of work curves which were misrepresented to them 
as genuine. These faked curves indicated that in a previous 
experiment other Ss had performed better under distraction 
than under non-distraction conditions. As in Group I, Ss 
in Group II were also shown their work curves from day to 
day. 

Group III: i ase treated exactly the same as those in Group II except. 
that the fictitious curves demonstrated that Ss had performed 
more poorly under distraction than under normal conditions. 
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The distraction which Baker provided was a phonograph record 
playing dance music at an intensity level of about 70 decibels 
(roughly equal to the intensity of noise from several typewriters 
being operated in the room). Ss were given no practice days, so 
that actually there was some improvement in performance from 
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Fic. 98. The influence of set on work under distraction. Data from Baker (7)- 


day to day. The major data are the differences between per- 
formance with and without distraction. These differences for the 
three groups are plotted in Fig. 98. The zero line indicates nO 
difference between distraction and non-distraction. In general, $S 
of Group I showed no better performance under one condition than 
under the other. Ss of Group II, on the other hand, did consistently 
better with distraction, and Group III did consistently better 
without distraction. . 
Baker’s results show that instructions which give S an expectation 
of what his performance may be actually produce a shift of the 
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performance in that direction. The cause for this is undoubtedly 
motivational in nature. The raw data show that the differences 
plotted in Fig. 97 are made up of shifts not only in the experimental 
conditions but also in the control conditions. The performance of 
Group II on the control condition was considerably lower than 
that of Group III on the same condition. Assuming that the groups 
were equal in ability, these results imply that the motivation was 
different for the 2 conditions. 

It is Baker’s opinion that in cases where Es have found differ- 
ences in work under distraction and non-distraction (which he 
did not find for Group I), it is likely that Ss have entered the 
experiment with pre-conceived ideas of the influence of distrac- 
tion. Whether such sets will account for the influence of dis- 
traction for long work periods (such as the several hours used 
by Laird) is questionable. Laird’s finding of systematic changes 
in output as a function of systematic changes in noise does not 
preclude such an explanation as suggested by Baker, but Baker’s 
technique should be tried out for work periods of extended 


length. 


Conclusion 

Motivation is probably the most important single factor gov- 
erning rate of work. By varying incentives, marked changes in 
work output can be produced. Sets toward amount of work to 
be done and the influence of sets on distraction further show the 
importance of motivation. The real possibility of shifts in motiva- 
tion with extended work spells make interpretation of decrements 
in terms of other variables very shaky. It will be necessary to 
consider further interpretative problems of this kind in the following 


sections. 


TASK VARIABLES AND RATE OF WORK 


In studying learning we were able to distinguish different task 
dimensions with which rate of learning was associated. Because 
of the continuity of learning and work, we might suspect that 
the variables important for learning would also be important for 
work, But the fact is that there are very few systematic data on 
the matter. Furthermore, it is very difficult to obtain such data. 
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If E manipulates a task variable, such as meaningfulness, it is 
difficult for him to tell whether or not motivation has also varied 
for extended work spells. As for showing that rate of work is 
different for grossly different kinds of tasks, that is quite simply 
done. The problem arises in interpreting the differences, i.e., are 
the differences due to the nature of the task as such, or are they 
due to the fact that interest (motivation) varies as a function of 
the task? 

Let us illustrate this interpretative problem with an experiment. 
Poffenberger (294) studied work decrement with different tasks, 
among which was a task in simple addition and an intelligence 
test. Ss worked on both tasks for 5 hours with results showing a” 
actual increment in performance on the intelligence test and 2 
decrement in addition. What produced the difference? Was it 
that more work inhibition accrued in addition, or was it that the 

. variety of problems presented on the intelligence test sustained 
motivation? Or both? . 

In addition to this problem, we still have the difficulty of obtain- 
ing equality for all task dimensions except one, €g. when we 
vary intra-task similarity, meaningfulness must be held constant. 
Recognizing that interpretation of work as a function of differ- 
ent task variables may be ambiguous, let us inquire briefly into 
the specific relationships, and then return to the interpretation 
problem. 


Intra-Task Similarity 


Depending upon its nature, intra-task similarity appears to, have 
two somewhat different relationships to rate of work. In work 
studies only formal similarity has been varied; you will remember | 
that formal similarity refers to degree of identity of parts of a 
task. Formal similarity has been varied in tasks which require 
little discrimination for adequate performance and in tasks which 
require considerable discrimination. Consider an illustration of each 
of these situations. 

Repetition with little discrimination. Robinson and Bills 
(314) used the letter-writing task and varied the number of elements 
to be written. In one condition S$ wrote ab ab ab over and over 
again as rapidly as possible for 20 minutes; in another condition 
he wrote ab cd ef over and over again as rapidly as possible for 
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the same period of time. At the end of each minute during the 
work period E signaled S$ to make a distinguishing mark on his 
paper. Thus, Æ was able to determine the number: of two-letter 
units written per minute under each of the two conditions. 

From our general theoretical analysis it would follow that the 
condition in which ab was written would show greater decrement 
than the one in which ab cd ef was repeated. Work inhibition 
should accumulate more rapidly in the first instance because of 
the more exact repetition of response. The results of the experiment 
substantiate the expectation. 

Robinson and Bills discovered an interesting correlate of work 
decrement in letter-writing, namely, an increase in the size of the 
letters written. As work progresses the size of the letters increases 
until it approaches the size normally characteristic of children. 
Those of you who have written long essay examinations under 
pressure of time will probably confirm this finding. It was 
Robinson’s hypothesis (313) that as the fine musculature used 
in writing develops work inhibition there is a gradual shift’to the 
more gross musculatures of the arm. Because these muscles are 
less well practiced in carrying on this particular skill, the precision 
of writing suffers. 

Thc Robinson-Bills experiment has shown that the greater the 
degree of identity of successive work units the more rapid is the 
decrement. No one can infer from this experiment that writing 
ab does not influence the writing of, let us say, cd; that is, 
there is undoubtedly some overlapping of the response mech- 
anisms in writing the two units, and the writing of one will to 
a certain extent influence the other. What the experiment does 
demonstrate is that when the overlapping is 100 per cent, a greater 
decrement will result than if the overlapping is partial. Because 
the work period in this experiment was fairly short, and because 
the basic nature of two tasks is quite similar, one would not 
expect differences in motivation to account for the obtained 
results. 

Repetition with discrimination. Color-naming is a task in 
which variation in formal identity produces results quite the opposite 
from those produced in letter-writing. Bills (22) required Ss to 
name colors as rapidly as they could for 10 minutes. One condi- 


tion involved 2 colors on the color board, another 3, and another 5. 
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Although the decrement was not great for any condition the 
amount was directly related to the number of colors, i.e., naming 
2 colors produced less decrement than naming 5. On the surface, 
at least, these results seem contradictory to the letter-writing 
experiment reported above. In color-naming the less the repeti- 
tion of a given response the greater is the work decrement, 
whereas in letter-writing the greater the repetition of a given 
response the greater is the decrement. Perhaps the difference is 
due to the discrimination which is required in the color-naming 
situation, and these discriminations cannot be made as rapidly 
among 5 colors as between 2. However, results from another 
experiment by Bills and Robinson (314) cloud the over-all relation- 
ship. In this study letters were placed in random order on a 
board, 100 to a board, and S was requested to name them as 
colors are named from a color board. Five different conditions 
were distinguished by the number of different letters on the 
boards, these being 2, 4, 8, 16, and 24 letters. With this situation 
the amount of work decrement decreased as the number of 
letters increased, thus showing the same relationship as in writ- 
ing letters and just the opposite from that shown in naming 
colors. What would produce such different results in naming 
colours vs. naming letters from a board is not clear, and to date 
no one has offered an adequate explanation for the discrepancies. 
It is possible that our greater familiarity with numbers, as com- 
pared to colors, would reduce intra-task interference so that 
work decrement from repetition becomes the major factor. On 
the basis of the data, however, we must conclude that the rela- 
tionship between repetition with discrimination and work decre- 
ment is ambiguous. i 


Other Possible Task Variables 


We have already assumed that the greater the degree of 
muscular involvement the more rapid is the work decrement. This 
assumption was made even though only partial evidence exists 
for such a principle. It is clear, for example, that work decrement 
on an arm ergograph is much more rapid than that for simple 
addition. Furthermore, at the level of gross observation it seems 
clear that such tasks differ markedly in muscular ‘involvement. 
What we do not know, however, is whether degree of muscular 
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involvement is the: pertinent difference between the tasks causing 
differences in work decrement. This we only assume. 

There is some evidence that meaningfulness may be a variable 
(315), but there are contingent variables which have been inade- 
quately analyzed so that we are unable to say that meaningfulness 
is the pertinent one. It is probable that in long work spells interest 
in the task will be directly related to degree of meaningfulness, 
so that it will probably be necessary to use very short work periods 
in further experimentation on this variable, or follow the scheme 


suggested below. 


A Suggested Approach for Investigation of Task Variables 


The most scrious objection we have discussed with reference 
to long work spells as a function of type of material concerns 
differential motivation. Now, let us ask if there is a way by which 
this obstacle can be removed so that the interpretation of studies 
can be less ambiguous. 

The starting point may 
intrinsic motivating charact 


be in an empirical evaluation of the 
eristics of the tasks. By this we mean 
tasks elicit more interest than do 


that for the average S certain 
others, and this might be quantified in order to obtain tasks which 
in terms of their interest rating. 


vary in certain aspects but not 1 
Certain experiments on work satiation give us a lead which might 


be worth following. In a work satiation experiment Ss are given 
a task and told they are to keep working until they are ‘‘fed up” 
with it. Ss are not given a speed set but are merely told to. keep 


at the task. Let us take an illustration. 
Burton instructed his Ss as follows: 


y certain aspects of motor behavior. Your 
to draw simple figures called “moon-faces”. You can see that it 
consists of a face or circumference, and two eyes and a nose represented 
by three dots. Do not correct a figure once you have drawn it. 

On the signal begin drawing a series of *moon-faces” on this paper. 
‘Vhere are pencils here for your use. Now this is important: Continue 
drawing moon-faces until you are fed up and have had enough of it. When that 
time comes you may stop- 

From time to time I will give you.a short rest period. I will Ict you 
know when that tirne comes. Specd is not a factor in this experiment and 
this is not a test of persistence. Do you understand? (51, p. 324). 


This is an experiment to stud 
task is 


33 
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Burton’s results show that indivıduals vary considerably in the 
length of time they will continue to work at such a task. On the 
average, these college sophomores worked 17 minutes, 36 seconds, 
and on the average drew 392 moon-faces. 

Suppose we gave these Ss other tasks to do with the same in- 
structions? Would we expect that the length of time they worked 
to vary as a function of the task? Direct evidence on this is lack- 
ing. However, in one of Poffenberger’s experiments (293) involv- 
ing addition of numbers, Ss were told that they were to work 
until they refused to go on. This was a work experiment, and Ss 
were given no rest periods as they were in Burton’s satiation 
experiment. Nevertheless, the shortest period worked by any one 
of the 10 Ss was 71 minutes. One S worked for 285 minutes (nearly 
5 hours). Burton’s results, taken in conjunction with those of 
Poffenberger suggest that we might be able to measure the average 
incentive value of a given task by submitting Ss to satiation experi- 
ments under non-work conditions. That is, we would give instruc- 
tions similar to those used by Burton and use the length of time 
worked as a measure of the motivating power of the task. Having 
obtained such motivating values for several different tasks, we 
might then proceed to determine the influence of other variables 
by which tasks differ. For example, say that we have two tasks 
which have qual motivating value but differ widely in intra-task 
similarity. Differences in work curves for extended work spells 
would not then be attributed to differences in motivation, but to 
differences in intra-task similarity. 

Satiation experiments provide an operational definition of bore- 
dom. Boredom, as currently interpreted (cf. Barmack, 11, and 
Bartley and Chute, 13), reflects a simple conflict situation. Moti- 
vation to work at the task is provided by the instructions, by S’s 
desire not to be a “quitter,” by his desire to please E, and so on. 
As he works a conflicting motive to quit the task develops. We 
presume that the original motives for work are reduced, too. 
At the point where the motive to stop becomes stronger than 
those to continue, he is satiated. Boredom increases as the differ- 
ence in the strength of the opposed motives decreases. 

Other concomitants of satiation experiments might be useful 
for equating motivating power of tasks. When the task is very 


simple, $ does many things to attempt to vary the response. Moon- 


WORK 585 


faces become many different characters, and little changes in the 
position of the eyes and nose will be noted. Ss who are forced 
to name colors for extended periods may vary the pitch of their 
voices over a wide range, or they may actually attempt to sing 
the names of the colors. 

The importance of these variations is that they seem to amuse 
S,-or keep him interested longer in an otherwise nearly intolerable 
situation. With more complex tasks, such as addition, many 
different combinations of numbers are given, so that variation in 
behavior is automatically required by the work. This analysis 
suggests that complexity of task, defined in terms of diversity of 
response required to perform it, is an extremely important 
variable if for no other reason than it sustains motivation. When 
we increase the complexity of a task we not only decrease work 
inhibition (because of forced variation of response to the complex 
task), but we also increase’ the likelihood of sustaining, motiva- 
tion. Both factors would tend to reduce observed work 
decrement. 

The analytical approach which we have suggested would dis- 
cover whether or not these two variables are inevitable co- 
variables. Must motivation always vary as task variables 
(meaningfulness, intra-task similarity, complexity, and so on) 
are manipulated? By using satiation experiments we may be able 
to equate empirically the motivation-evoking properties of tasks. 
If this can be done with tasks which vary along other dimensions, 
we can proceed to determine whether or not work decrement 
varies as a function of these other dimensions. The control of 
‘motivation still remains the most difficult problem in analytical 
experiments. It should be repeated, that we may observe work 
performance over long periods under given conditions, and obtain 
data having general significance for practical work situations, 
but the scientist who is in search of specific causal factors finds 
such studies quite unsatisfying. Analytical studies are necessary 
before he can state relationships between type of task and work 
decrement. 

One final comment concerning motivation. It has been con- 
tinually stressed that it is difficult to interpret work studies 
because we lack control of motivation over extended work 
spells, or, in lieu of this, we lack ability to measure its changes. 
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The possibility of doing the latter should not be overlooked. 
Since our basis for inferring changes in motivation is measured 
changes in tension, we might well ask why we shouldn’t measure 
the tension changes. Problems concerning such measurements 
were discussed in Chapter VI. The major drawback at present 
is our mechanical inability to measure tension adequately for 
extended periods, especially if overt activity is required in per- 
forming the task. Ryan (327, Chapter 5) has a thorough discussion 
of these problems to supplement the brief treatment given in our 
Chapter VI. 


TRANSFER OF WORK DECREMENT 


If transfer of training in the acquisition of tasks is dependent 
largely on the similarity relationships between tasks, we shall 
expect the same in the case of transfer of work inhibition. As in 
learning studies, we have work situations in which the similarity 
relationships may be carefully specified and others in which only 
general similarity between tasks can be detected. First, let us 
consider an illustration of the analytical type of study. 


Specific Similarity Relationships 


A study by Bills and McTeer (24) has convincingly demon- 
strated the importance of formal identity between responses in 
producing work decrement. They used the letter-writing task 
with the following 5 conditions: 


Standard Task Alternate Task 


Cond. I (all elements common) abc abc 
Cond. II (2 elements common) abc abd 
Cond. III (1 element common) abe afe 
Cond. IV (no elements common) abc def 
Cond. V (control) abc (rest) 


Note that Condition I required S to repeat abc in both the stand- 
ard and alternate task, and in Conditions II through IV there 
was less and less identity in the responses of the two tasks. On 
_ Condition V, S merely rested during the time that was occupied 
with work on the alternate task in the other conditions. (A con- 
sideration of this design will show that it is simply an elaboration 
of the experiment by Robinson and Bills, previously reviewed, 
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in which intra-task similarity was varied with S writing ab in one 
condition and ab cd ef in another.) The 20 Ss alternated between 
the two tasks, spending 1 minute on standard tasks, then 1 minute 
on alternate tasks, for a total of 16 periods. All Ss went through 
three cycles of the experiment, i.e., repeated all conditions three 
times, but the order of the conditions was different on each 
cycle. 
TABLE 34 

TRANSFER OF Work DECREMENT As A FUNCTION oF SmILARITY OF Tasxs 


Mean Number Units Written 


Condition in 8 Min. on Standard Task 
I 395.55 
II 412.60 
Ill 420.15 
IV 430.45 
V 437.80 


Data from Bills and McTeer (24). 


The results of the experiment are shown in Table 34 in terms 
of the mean number of three-letter units of the standard task 
written per cycle. These data show that, from Condition I to V 
there is less and less work decrement. Indeed, Condition. V shows 
the benefits which are derived from distributed practice (com- 
pared with results of Condition I). We may tentatively conclude 
that the greater the degree of similarity between two tasks the 
greater will be the work decrement. 


General Transfer 


Studies of general transfer effects have been concerned with 
the development of so-called fatigue tests. The question is: “What 
influence does work on one ta8k have on performance on another ?”” 
A partial answer will be found in an illustrative experiment which 
determined the influence of prolonged automobile driving on 
performance on a series of standardized tests (326). A common 
transfer of training design was used with experimental and control 
conditions set up as follows: ` 

9:00 A-M. 7:00 P.M. 
Experimental: DEE Eoi ad EE Drive 300 Miles .......... Tests 
Control: Tests ..... E T" boone LEA E n T Tests 
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Only 6 Ss were used, but each served 120 days in the experi- 
mental condition and 28 days in the control condition. The 300- 
mile drive was a standard course, including both rural and urban 
traffic conditions. The statistical comparison involved the differ- 
ence in scores on pre- and post-tests for experimental and control 
conditions. Several tests were used, including color-naming, addi- 
tion, visual efficiency, and steadiness. 

Results were positive. On almost all tasks significant differences 
were obtained. Steadiness was decreased, visual efficiency was 
lowered, color naming and addition were retarded. If we assume 
that Ss did not have preconceived sets as to what the influence of 
the driving should be, we may conclude that the obtained results 
were a function of the driving. It might be presumed that the 
lowered test scores reflected lowered driving efficiency, although 
no evidence was gathered on this matter. 

Tests of general fatigue will be maximally useful from a scientific 
point of view when the relationships between the work task and 
the tests are known. Until then all that can be said is that it is 
possible to measure changes in test performance as a consequence 
of work on another task. That work inhibition will transfer is 
apparent; the mechanisms by which such transfer is effected cannot 
at present be inferred from general transfer studies. 


REST PAUSES 


Rest pauses in work almost always increase the output per 
unit of time worked, and since the methodology is clear we need 
not report a study merely to demonstrate the principle. With 
tasks involving heavy muscular work, rest pauses are obviously 
necessary if work is to continue. For example, if S is requested 
to work an ergograph at a rate of one pull per second, and if 
the weight is heavy, he will be exhausted after a short period 
of time. In order to do any more work he must have some rest. 
Exhaustion, in a sense, is a forced rest, necessary for survival. 
Rest pauses will facilitate most of those tasks which require extensive 
motor behavior. In general, it will be remembered, this is the 

* same principle which is at work in learning as a function of massed 
and distributed practice. The greater the motor involvement in a 
task the greater is the benefit of rest pauses. 
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The considerations above apply only to the sheer work output. 
It is another matter to consider the subjective feelings of S as a 
function of rest pauses vs. no rest pauses. The fact that $ can 
work a full day with little decrement in adding numbers does 
not mean that subjectively he feels the same at the end of the 
day. Nor does it mean that he is physically unchanged. The major 
deterrent to work decrement is increased motivation, and since 
increased motivation involves increased tension one may expect 
physiological expenditure to be greater. 


2 
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Successivo Quarters of Exch Ergogrem 


Fio. 99. Decrement shown in each quarter of ten ergograms taken ro min. 
ee apart. Data from Manzer (243). 


Recovery from Ergographic Work 


To illustrate the relationships between work and length of rest 
pauses, we choose a study by Manzer (243) which has shown 
that with the usual ergographic work, recovery from work in- 
hibition is nearly complete after 20 minutes. This varies, -of 
course, as a function of the size of the weight and rate of pull. 
Of greater interest, however, is the cumulative decrement in 
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work when the work inhibition is not allowed to dissipate com- 
pletely before more work is done. Let us examine the results for 
one S. 

This S worked 10 times on an arm ergograph, each time working 
until, apparently, he was exhausted. Each trial was followed by 
a 10-minute rest. The load lifted was 5.5 kilograms and the results 
are figured in kilogram-meter work units. Each ergogram was 
divided into 4 equal time spaces, E determining the amount of 
work done in each quarter. For this S, the development of decre- 
ment is particularly clear from ergogram to ergogram, and within 
each ergogram (Fig. 99). Presumably, of course, with continued 
work § would have reached a point where he could no longer 
make a single lift after the 10-minute rest. As it is, there is a 
clear picture of accumulative decrement, and it can be inferred 
that the 10-minute rest was not enough to allow all work inhibition 
to dissipate. 


Blocks 


In factory or office work it is commonly noted that if rest 
pauses are not officially provided by management, workers will 
usually take rest periods at their own discretion. With the usual 
type of work, there is no reason to believe that such rest periods 
are necessary to the continuation of work, although work may 
be more efficient as a consequence of them. In a laboratory study 
of high speed work for short intervals, Bills (21) has discovered 
a phenomenon which functionally appears to provide the same 
benefit as do rest intervals in more extended work of slower 
speed. 

' Bills demonstrated this phenomenon with several types of 
material including color-naming, substitution tasks, and the nam- 
ing of opposites, but we shall take up method and results for 
rapid arithmetic addition. Ss, presented with long columns of 
figures, alternatively added three to a figure and then subtracted 
three from the next number and so on down the columns. As 
10 Ss worked continuously 7 minutes a day for 8 days, E recorded 
the time for each response, ‘and whether each response was 
correct or incorrect. In examining the records Bill discovered 
that frora time to time there was a period of no response, the 
length of this period occupying time normally required for 2 to 6 
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responses. Further investigation showed that frequency of these 
blocks was inversely related to work output. This does not mean, 
of course, that the blocks caused the work decrement, because in 
effect the blocks were the evidence of work decrement. Data for 
the 7-minute work for the 8 days combined are shown in Table 35. 
It is clear from these data that there is some decrement in output 
during the 7-minute work period and an increase in the number 
of blocks per minute. 


TABLE 35 
Work DeEcREMENT AND Biocxs IN HIGH-SPEED ADDITION 


Response Measures Successive Minutes of Work 
(means) 
1 2 3 4 5 6 7 
Number Responses 61.0 | 57.0 | 56.7 | 55.7 | 55.2 | 55.0 | 55.8 
Number Blocks 2.9| 34] 371 38] 42] 3.9] 4,2 
Length Block (sec.) Sl 22i 2:8) 24) 2.5] 29) 2.7 


Data from Bills (21). 


Data considered individually for the 8 successive days show 
that performance increases from day to day and frequency of 
blocks decreases slightly. Bills believes that blocks serve func- 
tionally as safeguards against impairment, and the reason that 
marked decrements are not found in tasks with low motor involve- 
ment is because the blocks serve as forced brief rest intervals, thus 
preventing the decrement. It should be kept in mind that this is 


an hypothesis. 
CONCLUDING CONSIDERATIONS 


We have made no attempt to come to grips with numerous 
practical work problems which appear in the factory situation. 
It maybe pertinent in concluding this chaptér to mention briefly 
the nature of some of these problems. 

The starting point for investigations of work is the output 
curve for an “average”? day. Typically, such curves show that 
production does vary rather markedly at different hours of the 
day, although an attempt to draw any curve as representative 
would be misleading. The absolute output represented by the, 
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curves is presumed to be a function of many conditions, such as 
policies of a factory with respect to rest periods, the nature of 
the tasks, the work payment plan (piece work, hourly, bonus), 
the réle of local unions, lighting and ventilation, length of work 
day, adequacy of supervision, morale in general, and so on. We 
can well see how difficult it would be to control all variables so 
that one could say that conditions of optimal efficiency had been 
attained (cf., Ryan, 327, for a discussion of difficulties in deter- 
mining optimal efficiency). 

There are many other problems which are directly or indirectly 
concerned with work. Time and motion studies presume to dis- 
cover the minimum number and kind of movements to produce 
maximum output with least physical effort. Such studies, however; 
get at only one small part of a vast complex of conditions which 
affect work. Turnover rate of employees is sometimes used as a 
gross index of work conditions within a plant. The effort is made 
to keep turnover rate at a minimum by manipulation of conditions 
such as those listed above. Then there is the problem of accident 
prevention. Attempts have been made to discover conditions to 
which frequency of accidents is related. Since precision of move- 
ments is basic to accident prevention in many jobs, causes of 
variability in performance become vital in accident investigation 
and prevention. 

‘Recent trends in industry have emphasized the rôle of the 
adjustment of the individual as a major source of work data. 
There 1S some reason to believe that the output of a worker, 
his accident rate, the amount of spoilage, and so on, may reflect 
his personal social adjustment, e.g., whether or not his marriage 
isa happy one. Indeed, it is possible that future developments will 
find psychiatric aid as common in large concerns as is medical 
aid today. The influence and contribution of such aid to working 


efficiency is as open to experimental investigation as is the influence 
of amount of light at a work bench. 


SUMMARY 


1. In this chapter we have been concern 
decrements which may occur when § cont 
learned behavior sequence. 


ed with performance 
inues to repeat a well- 
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2. Many different tasks have been used to study work in the 
laboratory. The present discussion of these tasks was organized 
around a dimension defined as amount of apparent muscular 
involvement. Ergographic work illustrates high muscular involve- 
ment, whereas simple addition or color-naming illustrates low 
muscular involvement. 

3. Work inhibition was introduced as a logical construct to 
parallel the logical construct of learning. Learning is inferred 
when an increment in performance is observed, and work in- 
hibition is inferred when a decrement in performance is ob- 
served. It was assumed that learning and work inhibition may 
both develop whenever a response sequence is repeated. Several 
assumptions about the characteristics of work inhibition were 
made. 

4. The measurement problems discussed were concerned with 
segregating the influence of learning from the influence of work 
inhibition, and the segregation of the influence of work inhibition 
from the influence of motivation. Throughout the chapter we 
have stressed the difficulty of making clear interpretations of 
causal factors in work decrement because of the uncontrolled and 
unknown fluctuations in motivation over long work spells. A 
technique for equating the intrinsic motivating power of tasks 
was proposed. This technique would determine the satiation ratios 
of various tasks as an indication of the motivating power of the 


tasks. 
5. Discussion of variables influencing the rate of work was on 


a rather general level, the variables considered being motivation, 
type of task, transfer, and rest pauses. 

6. Work brings together in a complex manner all the major 
psychological processes which we have discussed in the text. Much 
more research is needed before we will be able to assess the effect 


of each of these processes. 


to. 


II. B, 


12, 
13. 
14. 


i5. 
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Glossary and Subject Index 


a 


Absolute zero, 83, 87 

Action Potentials — Electrical potentials 
generated in the muscles by contraction of 
the fibers: 165 

Active recitation, influence on learning, 
418-419 

Additivity — A property of extensive scales 
which may be operationally exemplified by 
adding two equal units together by usual 
arithmetic operations to obtain a resultant 
quantity which is twice as great as either 
alone: 83 

Adjustment, method of, see Average 
Error, Method Of 

Aesthesiometer — Device used to stimu- 
late the skin to determine the two-point 
threshold of tactual discrimination: 58 


Affective judgments, experiments on,, 


97, 107-113, 121-123 

Affectivity, influence on multiple- 
response learning, 412-414; ON re- 
tention, 531-536; steps in experimen- 
tation, 412-414 

Aggression — Response to frustration 
which, in its most restricted sense, refers 
to tendency for S to attack source of 
frustration: 207-208, 211, 213, 214, 
216, 232; see also Displaced Aggres- 
sion 

Ambiguity, in constructing attitude 
scale, 91-93 

Ambivalence — Opposed response tend- 
encies toward a single person or object: 
109, 244 

Amount of material, influence on 
learning, 419 

Anchoring Effect — Subjective standard 
providing a “value” against which other 
‘stimuli are judged: 110-113, 140 


Anxiety — Motive produced by fear of 
punishment: 192, 278 
Apathy — Response to frustration in which 
motivation deteriorates; a form of psycho- 
logical withdrawal: 208, 224 
Apparent Movement — Perceived move- 
ment which objectively does not take 
place: 42 
Approach-Approach Conflict — Stimuli 
for two or more incompatible approach 
responses are presented simultaneously : 
243 f. 
methods for inducing, 247-248 
Approach - Avoidance Conflict — 
Stimuli for an approach and an avoid- 
ance response are presented simultane- 
ously: 243 f. 
methods for inducing, 248-250 
Approach Gradient — Description o 
the observation that the nearer an orga- 
nism is to a positive incentive the greater 
the “pulling power” of that incentive: 
272-275 
Approach Response — Response toward 
a positive incentive: 242 
Areas of study, integration of, 17-21 
Assembly tasks, in work, 559 
Assimilation — Process inferred to be 
operating when sensory judgments, €g., 
judgments of visual extents, are positively 
influenced by characteristics of other 
stimuli in the environment: 75 
Atmosphere Effect — Unanalyzed bias 
operating in syllogistic reasoning which 
causes S to accept more readily a con- 
clusion stated in the “‘atmosphere” (positive 
or negative) of the premises than when 
not so stated: 455-457 
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Attitude, influence on thinking, 456- 
457 , 

Attitude changes, experiment on, 123- 


12 
kan scale, construction of, 87-93 
Audiogenic Seizure — Seizure in rats 
induced by high-frequency sound 
waves: 262 
as measure of conflict-induced 
frustration, 262-264 
Audiometer — Device for presenting tones 
of known frequency and intensity and 
thereby measuring full range of auditory 
sensitivity: 46 
Autokinetic Illusion — Phenomenon 
illustrating apparent movement which is 
produced by fixating a weak light source 
in an otherwise darkened room; after a 
short period of fixation the light appears 
to move: 42 
Average Error, Method Of — Psycho- 
physical method which consists in 
presenting S with some constant or 
standard stimulus and asking him to 
match it by manipulating a variable 
stimulus; sometimes called method 
of adjustment: 26 f. 
illustrative experiments, 25 f., 127, 
139 
summary, 45 
Avoidance-Avoidance Conflict — 
Stimuli for two or more incompatible 
avoidance respcnses are presented simul- 
taneously: 243 f. 
methods for inducing, 250-251 
Avoidance Gradient — Description of 
the observation that the nearer an organism 
is to a negalive incentive the greater the 
“repelling power” of that incentive: 
272-275 
Avoidance Response — Response away 
from negative incentive: 242 


Backward Conditioning — Unconditioned 
stimulus is presented before conditioned 


stimulus during training trials: 353, 
357 ap 
Backward remote association, see 


Remote Association 
Beta Response — Reflex eyelid response to 
light: 356 
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Bi-Lateral Transfer — Transfer of skill 
from arm or leg to arm or leg on 
opposite side of body; sometimes 
called cross-education: 307 

experimental illustration, 
related phenomena, 310-311 

Blocking — No overt response; believed 
to be produced by presenting simultane- 
ously stimuli invoking incompatible res- 
ponses: 247, 254, 590-59! 

Boredom, 584 

Bowed Serial-Position Curve — Name 
for observation that first and last portions 
of a serial list are acquired most quickly, 
with items just past the middle being the 
last earned: 423-425, 507 

Broadcast listeners, study on prefer- 


308-310 


ences of, 102-103 
Bulldozing Response — Response 10 
frustration in which problems are 
attacked without deliberation as if 10 
solve them by sheer force: 209; 213 
experimental illustration, 224-227 


rk studies, 559 


Cancellation tests, in WO 
x sing, 206, 


Card sorting, experiments 


210, 296 e 
Change in what is remembered, 52! 
525 see also 


Classical conditioning, 343; 
Conditioning Procedure I 
Closure — Tendency to perceive . 
complete which are actually 160 
physically: 59 
Code learning, 409 
Coins, experiment on psyc 
of, 126-131 
Color Naming — Task used (0 sii 
work decrement and to fill rest intern 
in distributed-practice studies. A car ja 
which many small squares of differen 
colors appear is presented S who t8 
asked to name the colors serially @ 
rapidly as possible: 403, 560 
Color Wheel — Device used !0 
principles of color mixture; consists a 
a disc which may be rotated rapidly an A 
on which variable proportions of differen 
colored paper discs may be mounted: ae 
Competition, experiment on, 185-1 3 
Complete presentation, in learning, 38 


ve forms as 
mplete 


hological size 


o study 
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Compromise Response — Response 
occurring in conflict situation which 
has characteristics of each of two or 
more conflicting responses: 247, 261 

as measure of conflict-induced 
frustration, 261-262 
Concept, nature of and rate of learning, 
441-445; retention of, 528 

Concept Formation — Generalizing 
process which follows the discrimina- 
tion of similarities and differences 
among objects or symbols: 434-436, 
446 

influence of instructions on, 451-452 
procedures for studying, 435-436 

Conditioned Response — Response 
elicited by conditioned stimulus as a 
consequence of conditioning procedure; 
the performance change from which 
learning is inferred? 343 

effect of instructions to inhibit, 347 
methods of measurement, 349-352 

Conditioned Stimulus — Any stimulus 
which before training will not evoke 
response to be conditioned but will 
evoke it after training: 343 

influence of complexity, 363, 368; 
of intensity, 362, 368; of pre- 
association, 364-368 

Conditioning — Procedure for studying 
learning in which a discrete response 
is attached to a more or less discrete 
stimulus: 125, 248, 340 f, 430, 
479; see also Backward Condition- 


ing, Delayed Conditioning, 
Higher-Order Conditioning, Long- 
Trace Conditioning, Pseudo- 


Conditioning, Short-Trace Condi- 
tioning, Simultaneous Condition- 
ing, Temporal Conditioning 

mediated, 379-380 ` 

Procedure I, 343-348, 367, 368 

Procedure II, 348-349, 367, 368 

summary, 382-383 

temporal factors 
of, 353-362 

variables determining rate of, 352 f; 
summary of, 367-368 

Conflict — Method for inducing frustra- 

tion by simultaneously evoking two or 
more incompatible responses: 19, 207; 
241 f.; see also Approach-Approach 


influencing rate 
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Constant 
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Conflict, Approach-Avoidance 
Conflict, | Avoidance-Avoidance 
Conflict, Double - Approach - 


Avoidance Conflict 
affective, experimental illustration, 
107-110 
basic variables, 271-276 
board, 246 
methods for inducing, 247-254 
methods of response measurement, 
254 f. 
summary, 279-280 
Consequences — Positive or negative 
incentives occurring contiguously with 
a response or act; a primary variable 
in learning: 468, 470, 500-504, 506 
in contiguous-conditioning theory, 
480; in goal-reinforcement theory, 
474; in perceptual-learning theory, 
487-477 
Error — Error produced by 
uniform set of conditions which tend to 
“throw” the response in a constant 
direction: 28 f. 
Constant Stimuli, Method Of — For 
measuring absolute thresholds: 
a single stimulus is presented and S 
is asked to report its presence or 
absence; on successive trials stimuli of 
varying magnitude are presented. For 
measuring difference thresholds: 
a standard stimulus of constant magni- 
tude is presented along with a variable 
stimulus and S is asked to report 
which of the two has greater magnitude ; 
on successive trials the magnitude of 
variable stimulus is changed: 66 f. 
illustrative experiments, 72 f. 
summary, 80-81 
Construct — Hypothetical process or state 
inferred from observations of behavior : 157 
Constructiveness of play, 221 
Context — Background, consisting of many 
or few components or patterns, against 
which all discrete stimuli appear: 542 
influence of change of on forgetting, 
542-544 
Contiguity, see Temporal Contiguity 
Contiguous-conditioning theory, 478 f. 
experimental tests of, 481-485 
Continuum, see Dimension 
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Contrasts, Method Of — Technique used 
in studying discrimination learning; S 
learns to make a positive response to one 
stimulus and to avoid making that 
response to another: 463 

Counterbalancing Technique for 

distributing equally over all conditions 
the response changes produced by 
systematic or progressive errors not 
attributable to independent variable: 
30 f., 324; see also Design Method 
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Ill 
variations in, 327-330 
Cross-education, see Bi-Lateral 
Transfer 


Cross-Sectional Analysis — Research 
which attempts to determine organization 
of stimulus-response relationships as they 
exist at the momemt: 24, 117 

Cutaneous sensitivity, experiments on, 
56-59 s 


Decibel — Unit of scale used to measure 
intensity of sound: 60, 362 

Degree of learning, and retention, 
525-528 

Delayed Conditioning — Conditioned 
stimulus precedes and overlaps uncondi- 
tioned stimulus; time between onset of 
these two stimuli is five seconds or more: 


353 n 
Delayed reaction experiments, 462 


Dependent Variable — Response var- 
iable; the change in behavior attributed 
to independent variable: 6 

Deprivation time, experiments on, 
177-179 

Derived-list method, for 
remote associations, 420-421 

Design Method I — Method employing 
random groups on the basic assumption 
that the groups do not differ significantly 
on any variable effecting the measured 
response: 144 f., 176, 179, 185 , 

Design Method II — Method employing 

matched groups; statistical equality of 
groups on pertinent performance is 
assured before introducing experimental 
variable: 144 f., 176, 180, 284, 297, 
519, 545, 567 


studying 
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methods for 
147-148 
Design Method III — Method employing 
complete counterbalancing of conditions 
with each S serving in all conditions: 
323 f., 437, 440, 545 549 > 
Design Method IV — Method employing 
systematic randomization of conditions 
and devised for experiments in which five 
or more conditions are desired with each 
S serving in all conditions: 323 f» 
399, 401, 545, 548, 567 
Difference score, 197 
Differential Reinforcement — Reward- 
ing of one response to a situation and 
the non-rewarding (or punishing) of one 
or more other responses: 292; see also 
Contrasts, Method Of 
Differentiation — Degree of discrimina- 
bility among stimuli; varies directly 
with amount of differential reinforce- 
ment: 317, 552 
transfer of, 317 
Dimension — Scale existing when any 
phenomenon or characteristic thereof i$ 
shown to vary reliably in amount: 7 f.; 
see also Physical Stimulus Dimension, 
Psychological Stimulus Dimension, 
Response Dimension, Stimulus 
Dimension 
Direction, see Set 
Direction perception, 
34-39 hich 
Discriminal Processes — Processes W eas 
determine judgments and sensory pa 
criminations: 19, 24 f. 
and conflict, 242 
influence on learning, 119 £3 
motivation, 126 f.; on unanalyzed 
biases, 136 f. 
special references on, 116 
Discrimination, breakdown in, 270-271 
Discrimination box, 181, 182, 361 
Discrimination in work, 580-581 
Discrimination learning, 248-249, 462 
Disinhibition — Quick recovery of extin- 
guished conditioned response following 
presentation of a foreign stimulus: 377 
Displaced Aggression — Aggression not 
directed immediately toward source % 
frustration: 207, 214, 217, 219 


matching groups, 


experiment on, 


on 
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Dispositions, in perceptual-learning 
theory, 475 
Distraction, influence on work, 575-579 
Distributed Training — Training in 
which rest intervals are given between 
trials or between blocks of trials; 
opposed to massed training in which 
very little if any rest is allowed between 
trials; sometimes called spaced 
training: 365 
filling rest intervals in, 403-405 
influence on conditioning, 365-366, 
368; on extinction, 371-3753 On 
multiple-response learning, 398- 
407; on retention, 540-542; on 
thinking, 436-439; on work, 588- 
591 
theory of, 372, 407 
Double-Approach-Avoidance Conflict 


— Stimuli for two incompatible 
approach responses and two avoidance 
responses are presented simultaneously : 
243 f. 
methods for inducing, 251-254 
Dynamometer — Device used to measure 


grip strength: 164, 188, 571 


Ebbinghaus retention curve, 515, 524 
Ego-Involvement — Motive invoked 
when a situation poses a threat to 
S’s prestige or self-esteem: 192-198, 
205, 227 
conception of, 192-193 
experimental implications of, 193- 
194 
operations for inducing, 194 f. 
Elevated Maze— Maze used with 
animals; consists of narrow path raised 
sufficiently far above the floor so that the 
animal will not jump down: 390, 462, 
497 i € 
Emotion, see Motivation 
End spurt, 566 
Equal Appearing Intervals, Method 
of — Psychophysical method which 
consists in “cutting up” sense distances 
into units which are psychologically 
(phenomenally) equal: 81 f. 
illustrative experiments, 85 f. 
summary, 94 
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Ergograph — Device used to study physical 
labor in the laboratory; usually requires 
that S work with arm, finger, or leg, in 
alternately lifting and setting down a 
weight: 558, 569 

Error method, in studying remote 
associations, 421-422 

Error Of Expectation — Constant error 
which enters into method of limits when 
S, expecting a change, will be suggestible 
enough to report a change before it is 
actually apparent: 50 

Error Of Habituation — Constant error . 
which enters into method of limits when 
S falls into habit or set of giving a 
certain response and continues to do so 
even after a change in the stimulus: 50-51 

Expectation, in perceptual-learning 
theory, 475, 495-496 

Experimental Extinction — Procedure 

introduced following conditioning; the 
conditioned stimulus is presented time 
after time without the unconditioned 
stimulus until S no longer responds 
to the conditioned stimulus: 173, 178, 


368 f. 

factors influencing, 367-376 

influence of complexity of condi- 
tioned stimulus, 370, 375; of 
massed vs. distributed practice, 
371-374, 3793 of punishment, 
375-376; of varying amounts of 
training, 369-370, 3753 of work, 


374-375» 376 
significance of, 368-369 
summary, 375-376 
theory of, 372-374 
Experimental framework, 2, 10 
Experimental neurosis, 248 
Experimental problems, origin of, 
11-1 
napetinictiitien, applied vs. pure, 
20-21 
Experimentation, steps in, 14 E 
Extra-sensory perception, 133 
Eyelid closure, 164, 345; 354 355» 
357, 362, 363, 364, 366 


Familiarity, 411 
Fatigue effects, 29 f, 340, 567 
Finger withdrawal, 311, 345 
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Fixation — Response to frustration in 
which response tendency becomes very 
rigid or stereotyped: 209, 269, 506 

Flexion response, 173, 174, 311, 345, 
351, 378, 379, 482 

Forgetting — Term referring to negative 

aspects of memory and indicating the 
amount not remembered under specified 
conditions: 19, 509 f., 563; see also 
Retention 

and learning, 509-511 

curves, 514-516 

factors influencing rate of, 513 f.; 
summary, 550-55! 

methods of response measurement, 
511-513 

summary, 553-554 

theory of, 551-553 

Form perception, experiment on thre- 
shold of, 59-60 

Forward remote association, see Remote 
Association 

Fractionation, see Equal Appearing 
Intervals, Method Of 

Frame of Reference + Entire stimulus 

complex influencing behavior: 35 
influence on retention, 532-534 

Free-Association Test — Procedure for 
eliciting verbal associations by presenting 
S with a stimulus and asking him to give 
the first response which comes to mind; 
sometimes called word association : 

` 131, 422 

Frequency, in contiguous-conditioning 
theory, 480-481; in goal-reinforce- 
ment theory, 4743 in perceptual- 
learning theory, 477 

Frustration — Stale inferred to exist when 

deviant behavior is observed as result 
of blocking of or interference with 
goal-directed behavior: 19, 200 E 

background of research, 202-203 

definitional problems, 200-201 

effect on group behavior, 230 f. 

future needs in experimental work, 
239-240 

individual differences in response 
to, 237 

influence on mental age, 233-234 

methods of response measurement 
and ‘analysis, 209 f. 
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methods used to produce, 204-207 
responses to, 207-209 

summary, 240 

variables influencing, 235-237 


Galvanometer — Device used to measure 
the psychogalvanic response: 108 
Generalization Gradient — Generaliza- 
tion as a function of similarity: 252, 
253, 287, 293 
Generalization, Response — Process 
inferred when Stimulus A, having 
gained power to elicit Response B, 
will also tend to elicit responses which 
are in some way similar to B : 287-288, 


342, 409, 552 
and transfer, 290-292; summary, 303 
Generalization, Stimulus — Process 


inferred when Response B, having 
been elicited previously by Stimulus A, 
will also be shown to be elicited by 
other stimuli similar to A: 252, 287, 
342, 409, 521, 552 
and transfer, 289-290; summary, 303 
Glasses, experiment on influence of 
wearing, 136-138 
Goal Gradient — Name for observation 
that blinds are eliminated in animal 
maze learning in an order directly related 
to distance from goal box: 426, 487 
Goal object, see Incentive 
Goal-reinforcement theory, 473 f. 
Group dynamics, 203 
Group responses, as measure of effect 
of frustration, 230 
Gunsight, experiment using, 414 


Hand Stylus — Pencil-like object usually 
used to trace indented path of stylus 
maze: 164, 388 


Heart rate, 164 c= Shift 


Heterogeneous Reinforcemen Dial 
* in form of reinforcement from od 
originally required to evoke unina e 
response to form which would not itse! 
elicit unconditioned response: 379 
Higher-Order Conditionin; 
ditioning in which the conditioned st! 
is used as a new unconditioned stimulus 
to develop response to new conditioned 


stimulus: 378-379 
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Hoarding, as measure of response to 
frustration; 229 

Human yardstick method of measuring 
responses, 237-239 

Hunger, experiment on response modi- 
fication by, 131-132 

Hunger motive, 163 

Hypnosis, as used to induce different 
motives, 133-135 


Illusion — Constant error in visual per- 
ception: 26, 28, 124 
Incentive — Goal object (real or symbolic) 
toward which the organism approaches 
(reward) or away from which it with- 
draws (punishment): 166 f.; see also 
Consequences, Negative and Posi- 
tive Incentive, Primary and Sym- 
bolic Incentive 
experiments on variation of in 
learning, 179-185; in work, 569- 
574 
Independent Variable — The stimulus 
variable manipulated by the experi- 
menter: 5 
Inhibition, External — Sudden and 
temporary decrement in response to condi- 
tioned stimulus (during training) pro- 
duced by a foreign stimulus: 368 
Inhibition, Internal Hypothetical 
process sometimes used to account for 
decrement in conditioned response during 
experimental extinction: 368, 372 
Instructions, influence on concept 
formation, 451-452; on conditioning, 
346-347 
Intelligence test, 157, 223, 227; 560 
Interference, 550, 551 
Interpolated Learning — Learning 
inserled between original learning and 
relention lest to produce retroactive 
inhibition: 545 
influence of degree of, 547-548; of 
amount, 548-549 
Intrusion — Occurrence of a response 
which was appropriate for an earlier 
task but inappropriate for the present 
one: 292 


Judgment time, experiments on, 77-79 
97-100, 107-110 
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Jumping Stand — Device used with rats 
to study discrimination learning and 
conflict-induced frustration: 250, 251, 
255, 261, 263, 264, 269 


Kinesthetic cues, as secondary rein- 
forcement, 361 

in maze learning, 425 

Knee jerk, 164 

Knowledge of performance, influence 
on multiple-response learning, 414- 
417; on work, 571-572 

Kymograph — Slowly rotating drum 
covered with waxed or smoked paper 
which records movements of markers on 
its surface; used in many kinds of 
studies, especially those which are physiolo~ 
gical in nature: 163 


Labelling, experiments»on effect of, 
149-154 
Latency — Time between presentation of 
stimulus and evocation of response: 77, 
97, 101, 108, 351, 546 
as measure of conflict-induced frus- 
tration, 254-256 
Latent Learning — Learning which, in 
so far as experimenter can tell, has 
taken place in the presence of neutral 
consequences only: 486-493 
Law Of Effect — Assumption that reduc- 
tion in motivation produced by primary 
incentive, or mere presence of symbolic 
incentive, tends to strengthen or select 
responses which are temporally contiguous : 
170; see also Goal-reinforcement 
theory 
Learning — Acquisition of new responses 
or enhanced execution of old ones: 19, 
117, 156, 340 f., 509; but see also 
definitional problems 
central problems of future research, 
505-507 
definitional problems, 340 
theories, 466 f. : 
Learning curves, 349-351, 391-398 
constant-number-of-trials | method, 
391-393 
individual, 397-398 
trials-to-criteria method, 393-397 
Vincent-Kjerstad method, 293-294 
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Learning-How-To-Learn Transfer — 
Positive transfer in learning successive 
samples of same class of material which 
is not attributable to specific similarity 
relationships: 305-397, 329 

Length of task, influence on multiple- 
response learning, 419; on thinking, 
439-441 

Letter writing, in work studies, 559 

Level of abstraction, 442, 444 

Level-Of-Aspiration Technique — 
Technique which requires S to make 
estimates of his future level of per- 
formance: 196, 210 

Limen, see’ Threshold 

Limits, Method Of — Psychophysical 

method which consists in varying a 
stimulus along a given dimension and 
finding a point at which it evokes a 
response 50 per cent of the time 
(absolute threshold), or at which point 
it is judged different from a standard 
stimulus 50 per cent of the time 
(difference threshold); sometimes 
called method of minimal change: 46 f. 
experiments illustrating, 56-63 
summary, 63-64 

Line drawing, experiments on, 40-42, 
416 

Linear interpolation, 67 

Longitudinal Analysis — Research which 
attempts to trace development of stimulus- 
response relationships: 117 

Long-Trace Conditioning — Condi- 
tioned stimulus precedes but does not 
overlap unconditioned stimulus and time 
between cessation of conditioned stimulus 
and onset of unconditioned stimulus is 


five seconds or more: 353 


Massed Training — Training in which 
trials are given in rapid succession 
-with little if any time intervening 
between successive units of work: 365 

influence on conditioning, 365-366, 
368; on multiple-response learn- 
ing, 398-407; on retention, 540- 
542; on thinking, 436-439; on 
work, 588-591 

theory, 372, 407 
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Maturation, 340 
Maze learning, 425-427 
Maze, see Elevated Maze, Multiple- 
Choice Maze, Multiple-T Maze, 
Multiple-U Maze, Raised or Finger 
Maze, Simple T-Maze, Straight- 
Alley Maze, Stylus Maze, Water 
Maze, Y-Maze 
Meaningfulness — Attribute of verbal 
material which for any given unit is 
defined by (1) time required for unit 
to evoke an association, or (2) number 
of associations evoked during a given 
interval of time: 386, 410, 445 
influence on multiple-response learn- 
ing, 410-412; on retention, 528- 
530; on reminiscence, 520-521; 
on thinking, 445; on work, 583 
Memory, in thinking, 447-449, 459-461 
Memory Drum — Device used to present 
verbal units for short, constant intervals 
of time: 122, 286, 387 
Memory Span — Number of units (such 
as numbers or letters) which on the 
average can be reproduced correctly after 
a single presentation: 549-55° 
Mental age, influence of frustration 
on, 221, 223-224 
Mental multiplication, in work, 560 
Method of absolute judgment, see 
Single Stimuli, Method Of 
Miniature System — Tightly knit theore- 
tical system devised to explain a very 
limited set of phenomena: 472 
Minimal changes, method of, see 
Limits, Method Of 
Mirror star-tracing, 308; see also, Bi- 
Lateral Transfer 3 
Motivation — Logical construct referring 
to a slate. of the organism which is 
assumed’.to vary directly as the level 
of the activity of the organism varies ; 
used here as synonymous with emotion; 
a primary variable in learning: 19 
118, 156 f., 468, 470 
and emotion, 203, 276-279 
and rate of work, 568-575 d 
contradictory, 249 
directing rôle of, 162, 166-170 
emphasizing rôle of, 162, 169-176 
energizing rôle of, 162-166 


functional characteristics of, 162 
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in contiguous-conditioning theory, 
480; in goal-reinforcement theory, 
474; in perceptual-learning theory, 
476-477 
manipulation of, 176 f. 
summary, 198-199 
terminology of, 161 
Motive, Derived — Motive which, unlike 
primary motive, does not have known 
direct physiological basis; invoked by 
symbotic incentive ; 162 
Motive, Primary — Motive which has 
known physiological basis, ¢.g., hunger 
and thirst: 161, 204 
Motor responses, as measure of frus- 
tration, 212-214 
Motor-verbal dimension, influence on 
retention, 536-540 
problems of measurement, 538-540 
Movement Error — Constant error in 
visual discriminations (e.g., Müller- 
Lyer illusion) produced by a bias in the 
mechanics of moving the variable stimulus 
inward as compared with moving it 
outward: 29 
Movement perception, experiment on, 


42-45 
Miiller-Lyer illusion, 26 f., 81, 124 
Multiple-Choice Maze — Maze, used 
with animals and humans, in which 
each choice point offers more than two 
alternatives: 267, 389, 424 
Multiple-choice problems, 435-436 
Multiple-Response Learning — Integra- 
tion of series of responses to a series 
of more or less discrete stimuli: 384 f., 
430, 433, 507, 511 
methods of response measurement, 
391-398 
motor tasks used in, 390-391 
summary, 428 
tasks and procedures defining, 385 f. 
variables influencing rate of, 
398 f. 
verbal-motor tasks used in, 388-390 
verbal tasks used in, 386-387; 
methods of presenting, 387-388 
Multiple-T Maze — Maze, used with 
animals and humans, constructed as a 
series of simple T-mazes: 388, 389, 
425, 462, 486, 488, 515 


41 


Multiple-U Maze — Maze, used with 
animals and humans, constructed as a 
series of U's: 388, 389, 402, 425 

Muscular tension, as measure of moti- 

vation, 157-159 
experiment on induced, 187-189 


Nationality preference, experiment on, 
104-105 
Negative Incentive — Incentive produc- 
ing withdrawal response: 167, 179, 181, 
._ 501-503, 506 
Negative Time Error — Error in which 
second of two equal stimulus magnitudes 
is judged greater than the first: 72 f. 
Negative Transfer — Inhibition of per- 
formance produced by prior learning: 
281 f. 
in animal learning, 311-313 
Nonsense Syllables — Threecletter units, 
not forming an English word, used in 
learning experiments: 188, 191, 293, 
295, 299, 305, 320, 386, 399, 410, 
423, 424, 440, 514, 518, 528, 531, 
536, 537, 540 


Obstruction technique, 204, 205 
Ohms — Unit of electrical resistance used 
to quantify psychogalvanic response: 108 
Olfactory preferences, experiment on, 
105-106 
Opinion, as index of attitude, 89 
Optimal learning efficiency, 427-428 
Orientation in maze learning, 426-427 
Oscillator — Special tone generator used 
to present pure sounds: 60 


Paired-Associate Technique — Method 
used pirmarily with verbal material 
wherein S is presented a series of pairs of 
words, the first member of each pair 
being the stimulus and the second the 
response: 286-287, 314, 386-387, 408, 
511, 526, 535 

Paired Comparison, Method Of— 

Method for studying  discriminal 
processes in which each stimulus in 
a set is compared with every other 
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stimulus in the set with regard to a 
given characteristic by presenting the 
stimuli in pairs: 95 f. 
illustrative experiments, 97-103, 123, 
141 
summary, 103 
Perceptual bias, experiment on, 124- 
125; see also Constant Error 
Perceptual-learning theory, 475 £ 
Performance changes, as measure of 
conflict-induced frustration, 264-271; 
of learning, 340-3413 of motivation, 
157-1593 of frustration, 219-230 
Physical Stimulus Dimension — Stim- 
ulus dimension described in terms of 
physical scale: 10, 25 
Pitch discrimination, experiment on, 
119-121 
Pitch scale, method for deriving, 85-87 
Place learning, by animals in mazes, 
478, 493 | 
experimenial illustration of, 495-496 
vs. response learning, 496-500 
Poetry, retention of, 528 
Point of Subjective Equality — Physical 
stimulus value of the variable stimulus 
which is subjectively equal to a standard 
stimulus value: 27 
Positive ‘Incentive — Incentive producing 
approach response : 167, 182 
influence of varying amounts, 183- 
184; of varying degrees, 182-183 
Positive Time Error — Error in which 
second of two equal stimulus magnitudes 
is judged to be less than the first: 72 £. 
Positive Transfer — Facilitation of per- 
formance produced by prior learning: 
281 f. 
Practice days, 
332-334 
use of, 332-334 
Practice effects, counterbalancing of, 
30 f., 324 
Praise and reproof, experiment on, 184 
Primary Incentive — Incentive appro- 
priate to primary motive: 175 
Primary Reinforcement — Receipt of 
primary incentive, such as food: 175 
Primary Variables In Learning — 
Gonditions necessary for learning to take 
place: 467 f. 
Primitivation, see Regression 


statistical value of, 
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Proactive Inhibition — Decrement in 
retention of task as a consequence of 
other learning coming prior to the 
learning of the task on which retention 
test is made: 544-559, 552 

important variables, 546-549 
Problem Box — Any of a variety of boxes 
used in studying animal learning in 
which the animal must discover the 
correct response to gain exit: 348, 484 

Projective ‘Vest — Ambiguous stimulus 
situation which is presented S with 
instructions to interpret or tell what he 
perceives: 131, 214, 216; see also 
Thematic <Apperception Test, 
Rorschach Ink Blot ‘Test 

as measure of reaction to frustration, 
214-216 

Proprioceptive cues, see 

cues 

Pseudo-Conditioning — False condition- 
ing which occurs as a result of 
presenting unconditioned stimulus only. 
357-358; 506 

implications of, 358 

Psychogalvanic Response — Change in 
resistance of skin thought to be a function 
of autonomic nervous system activity: 108, 
164, 346, 366, 377 

Psychological Stimulus Dimension — 
Stimulus dimension without a physical 
scale applicable for description: 10 

Psychophysical Methods —— Methods 
customarily used to study stimulus- 
response relationships in situations 
where stimuli are varied along a physical 
dimension: 25 ` 

Pursuit Rotor — Device for studying 

learning; consists of spinning disc with 
dime-sized target on which S learns to 
keep a loose-jointed stylus: 390; 405» 


519, 537 
Puzzles, used in st 


436, 437, 438, 439 


Kinesthetic 


udying thinking, 


; ; us- 
Questionnaire, measurement of fr 


tration by, 217 


: zi d 

Raised Or Finger Maze ae gee 

with humans, in which pa dS 
slightly above level of base — 
traces with finger: 388, 424 425 
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Random order, of conditions, 37, 330 
Rank Order, Method Of— Method 
for studying discriminal processes in 
which S arranges a group of stimuli in 
series according to amount of a given 
characteristic possessed by each: 103 f. 
illustrative experiments, 104-106 
summary, 106 
Rate of conditioning, 352-353 
Rating scale, use of, 111, 126, 137, 
139, 150, 152, 217-219, 232 
Rational Learning Problem — Problem 
used.in studying thinking; numbers are 
arbitrarily paired with letters and S must 
discover and remember which number 
goes with each letter: 433-434 
Rationalization — Response to frustration 
which tends to protect individual from 
failure by providing excuses for behavior : 
209, 211 
Reaction time, see Latency 
Recall measures, 511-512 
Recognition measures, 512-513 
Reconstruction measures, 513 
Reduction Screen — Device for limiting 
sharply the visual frame of reference: 35 
Regression — Response to frustration in 
which organism reverts to behavior 
that was appropriate at an earlier age 
level; a form of psychological with- 
drawal : 208, 220, 221, 227, 264-269 
in children, 220-223 
in rats, 264-269 
Reinforcement — Receipt of an incentive : 
175; see also Differential Reinforce- 
ment, Heterogencous Reinforce- 
ment, Primary Reinforcement, 
Secondary Reinforcement 
influence of different ratios on 
conditioning 366-368, 506 
periodic, 177 
Relearning measures, 512 
Relevance, of item on attitude scale, 
92-93 
Reminiscence — Improvement in recall 
with passage of time following 
learning: 516 f. 
design of experiments to measure, 
17 
jar” porniterotor learning, 519-520 
problems of, 520-521 
with verbal materials, 518-519 
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Remote Association — Association 
formed between two items which are 
spatially and temporally separated by 
other items in a serial list; may be in 
forward or backward direction: 419- 
423, 507 

methods of study, 421-423 
nature of, 422-423 

Repression — Response to frustration 
consisting of excessive forgetting; a form 
of psychological withdrawal : 208-227 

Reproduction, in retention, 511 

Respiration rate, 164 

Response — Observable change in behavior 

effected by muscles or glands: 1 
Response learning, in mazes, 496-500 
Response Variable — Change in behavior 
attributed to stimulus variable; the 
dependent variable: 6 
Responses, reflex, 164 
Rest-interval activity, 
of, 403 
Retention — Positive aspect of memory; 
amount remembered under specified 
conditions: 509 f.; see also For- 
getting 
curves, 514-516 
factors influencing rate of, 513 f.; 
summary, 550-55! 
summary, 553-554 
theory of, 551-553 
Retroactive Inhibition — Decrement in 
retention of a task as a consequence of 
‘other learning coming between original 
learning and retention test: 544-550, 
552 
important variables, 546-549 
Reversed-alphabet printing, 402 
Rivalry, experiment on, 185-187 
Rorschach Ink Blot Test — Projective 
test consisting of series of symmetrical 
ink blots: 215 

Rotary Cage — Device used to measure 
activity levet of animals: 163 

Rote Learning — Name sometimes applied 
to serial and paired-associate learning: 
385 


requirements 


Salivary response, 248, 344, 351, 370 
Satiation, in work, 583-586 
Savings score, 512 
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Scale, Extensive — Dimension which has 
been quantified so that all units are 
equal, which has an absolute zero, and 
additive properties: 81-84 

Scale, Intensive — Dimension which has 
been quantified only in terms of rank 
order of magnitude of characteristic under 
consideration: 81, 84 

Scientific attitude, description of, 21 

Scientific Generalization — Extension 
of empirical findings beyond specific 
conditions and subjects from which 
findings were derived: 337-339 

Search, in thinking, 430 

Seashore Measures of Musical Talent, 
80, 119 

Secondary Reinforcement — Receipt 
of symbolic incentive: 171-176, 359, 
360, 367, 492, 505-506, 526-527 

Secondary Variables in Learning — 
Variables which cause rate of learning 
to vary but absence of which does not 
prohibit learning from taking place: 
467 f. 

Sense modality, influence on learning, 
419, 427 

Sensory pre-conditioning, 364, 506 

Sentence completion tests, 560 

Serial Learning — Learning in which 
A is the stimulus for response B, B the 
stimulus for response C, C the stimulus 
for D, etc.: 2945 386-387, 419-425 

Serial position, 296 ‘ 

Set — (1) Relationship between formal 

instructions given S and performance 
following instructions ; or (2) Relation- 
ship between previously acquired 
methods of solving problems and 
current performance in solving prob- 
lems: 189-190, 447, 

experiments on variation 0 
447-455 er 

influence on thinking, 447-4553 on 
work, 574-577 

polarity of, 99 

Sex motive, 163 . 

Short-Trace Conditioning — Condi- 
tioned stimulus precedes but does not 
overlap unconditioned stimulus and time 
between cessation of conditioned stimulus 
and onset of unconditioned stimulus 
is one-tenth to five seconds: 353, 355 


f, 189-192, 
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Similarity — Degree of homogeneity 
among objects or symbols; must be 
defined operationally by dimensionaliz- 
ing the many attributes within which 
degrees of homogeneity may prevail : 
286 f. 

and reminiscence, 521 

as defined by formal identity, 293- 
301; by meaningfulness, 301-302 

dimensional variations in, 292-304 

formal, in motor task, 296, 586; in 
figural designs, 298-299; in paired 
nonsense syllables, 293; in serial 
verbal tasks, 294-295 

in code learning, 409 

in perceptual learning theory, 477- 
478 

in transfer of work decrement, 586- 
587 

influence on multiple-response learn- 
ing, 407-410; on retention, 530- 
531; on retroactive inhibition, 
546-547; on thinking, 445-4473 
on transfer, 286-314; on work, 
580-581 

non-dimensional variations in, 304- 
313 

Simple T-Maze — Maze, used with 

animals, constructed like a T, thus 

having a single choice point: 168, 250, 

265, 312, 349, 360, 367, 476, 492» 

498 

Simultaneous Conditioning — Condi- 

tioned stimulus precedes and overlaps 

unconditioned stimulus and time between 

onset of conditioned stimulus and un- 

conditioned stimulus may vary from zero 

to five seconds: 353-355 

Single Stimuli, Method Of — Method 
for studying discriminal processes by 
presenting S with successive stimulus 
and requesting a judgment concerning 
these stimuli along a specified dimen- 
sion; sometimes called method of 
absolute judgment: 71, 106 f., 122, 
124 

illustrative experiments, 107 f. 


summary, 114 — ‘ 
Skin color, experiment on judgment 


of, 138-140 
Skinner Box — Device used to study 
problems of learning and motivation with 


o 


GLOSSARY AND 


rats; consists of box with a small lever 
which when pressed releases a pellet of 
food: 171, 172, 177, 348, 350; 359, 
369, 376, 430, 447, 483 
Social facilitation, 573 
Social Variable — Condition which 
influences (or which may influence) 
behavior of members of group toward 
cach other or of one group toward 
another: 233 
problems of matching groups on, 
233-234 
Space Error — Constant error in visual 
discriminations (e.g-,  -Miiller-Lyer 
illusion) produced by bias in judging 
standard to left as compared with judging 
it to right: 29 
Spatial relations, in thinking, 461 
Spinal Conditioning — Conditioning 
which takes place when higher brain 
centers have been severed: 385 
Split-Litter Technique — Method of 
forming groups of rats with near-equal 
heredity and ages by dividing litters 
equally among all groups: 176 
Spontaneous Recovery — Increase in 
strength of conditioned response with the 
passage of time following extinction: 
376-377 
Spread Of Effect — Strengthening of 
punished responses contiguous to rewarded 
responses: 500-504, 507 
Spring cage, 163; see also Tambour- 
Mounted Cage 
Stanford-Binet Test of Intelligence, 
79-80, 223 
Stimulus — Event which elicits a re- 
sponse: 1 
external, 2 
internal, 2 
Stimulus Dimension — Stimulus variable 
which has been dimensionalized: 8 
Stimulus Variable — Condition known 
to influence response of organism in a 
given situation: 3 
Stimulus Variable, Maripulable — 
Characteristic of environment, including 
task, which experimenter may vary and 
control: 6 
Stimulus Variable, Potential — Stimu- 
lus condition whose influence on a given 
phenomenon is unknown: 3 
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Stimulus Variable, Subject — Charac- 
teristics of S (cg, age, intelligence, 
sex) which influence responses: © 

Straight-Alley Maze — Maze, used with 
animals, constructed as a single alley 
with no blinds : 248, 273, 274, 348 

Stylus Maze — Maze, used with humans, 
in which the path is cut or indented in 
the base board and S traces with hand 
stylus or with pencil: 388, 425 

Successive vs. single reproductions, 
522, 524 

Syllogism — Problem used in studying 
deductive thinking; S is given two or 
more premises and is asked to indicate 
the conclusion which most logically 
follows from the premises: 445, 455» 
456 

Symbolic Incentive -—— Stimulus which 
has incentive characteristics as a result 
of association with primary incentive: 
166, 170-176 

Systematic randomization, see Design 
Method IV 
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Tachistoscope — Device for exposing 
materials for very short intervals: 60, 
75, 98 

Tambour-Mounted Cage — Device for 
measuring activity level of animals by 
recording movements of animals via 
pneumatic system on which cage is 
mounted: 163 

Tapping test, 205 

Taste preference, 
125-126, 140-144 

Temporal Conditioning — Conditioning 
which occurs when unconditioned stimulus 
is presented at regular intervals but for 
which there is no discrete conditioned 
stimulus: 354 

Temporal Contiguity — Primary variable 

in learning; refers either to (1) time 
between conditioned and unconditioned 
stimulus, or (2) time between response 
and consequence : 236, 353, 461, 468, 
469-470, 505 

in contiguous-conditioning theory, 
481; in goal-reinforcement theory, 
474; in perceptual-learning theory, 


477 


modification of, 
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215 ii 2: 
Thinking — The most complex ft 4 
learning; involves the percepian f 
relationships among stimuli : 4: #5. 
and learning, 463-464 NE 
animal studies, 462-463 
descriptive analysis, 463 
descriptive characteristics, 430-431 
future research trends, 464-465 
problems illustrating, 433-436 
status of research on, 431-432 
summary, 465 | 
variables influencing rate of, 436 f. 
Threshold, Absolute — Minimal physical 
stimulus value (or maximal for upper 
thresholds) which will produce a res- 
ponse 50 per cent of the time: 46 f., 
157, 270 
auditory, 60-62 
frustration, 237 
graphical determination of, 66-67 
measuring, in animals, 62-63 
two-point, 58 
Threshold, Difference — Physical stimu- 
lus change noticeable 50 per cent of 
the time: 46 f. 
graphical determination of, 68-70 
Tilting Cage — Device for measuring 
activity level of animals: 163 
Time, and forgetting, 514-525 
Time Error — Constant error produced 
by an interval separating presentation 
of two stimuli by method of constant 
stimuli: 72 f.; see also Positive Time 
Error, Negative Time Error 
factors influencing, 74-77 
illustration of, 73 
theory of, 73 
Token experiments, 17! ; 
Transfer — Influence of previous experi- 
ences on current performance: 19, 
281 f.; see also Bi-Lateral Transfer, 
Learning-How-To-Learn Trans- 
fer, Negative Transfer, Positive 
Transfer 
and generalization, 287-293 
in industrial situation, 313 


j 
j E 
| 
H 
| \"fuyshavior which are thought to be 
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wk i 
influence of degree of first task 
Myenise Gn,9g34; of number of 
obs Qiks; 317; of time be- 
Ween tasks, 320; of similarity, 
gT. 


of measuring, 284-286 
variables influencing, 


ME f » 321-322 
j if of measurement of, 285-286 
greon experiments, 463 


inaralyzed Biases — Factors influencing 


Funidentified aspects of, or products ofs 
{learning and motivation: 118 
ijfluence on discriminal processes, 
EH 136 r.; on thinking, 455-459 
Unconditioned Response — Response 
elicited by unconditioned stimulus: 343 
Unconditioned Stimulus — Stimulus 
which before training will elicit 
response to be conditioned: 343 
influence of complexity of, 364, 368 


Values, experiment on, 100-101 

Variable Error — Non-systematic changes 
in response from moment to moment : 33 f. 

Verbal responses, as measure of frus- 
tration, 209-214 

Vicarious trial-and-error, 101, 256 

Visual imagery, 425 

Vividness, in contiguous-conditioning 
theory, 480 


Warm-up effect, 566 

Water Maze — Maze, used with animals, 
constructed so that animal must swim 
through maze under motive to escape 
from water: 312, 390 

Weber’s Law — Law which states that 
just noticeable increment to any stimulus 
bears a constant ratio to that stimulus: 
54 f., 82, 87 

Weight-lifting experiment, 68, 72 

Whole vs. part learning, 418 
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GLOSSARY AND SUBJECT INDEX 


Withdrawal — Response to frustration 
involving either physical or psychologi- 
cal escape: 208, 211, 213, 256 
physical, 257-260 
psychological, 208, 260 
Word association, see Free-Association 
Test 
Work — Continuous repetition of a res- 
ponse beyond the point at which learn- 
ing ceases: 19, 555 f> 
general analysis, 561-563 
measurement problems, 563-567 
recovery from, 563, 589-590 
summary, 592-593 
task variables influencing rate of, 
579-586 
tasks used to study, 557-561 
Work curves, 556 


637 


Work decrement, interpretation pro- 
blems, 565-567 
transfer of, 586-588 
Work Inhibition — Process inferred to 
account jòr observed work decrement: 
561-563 
characteristics of, 562 
relationship to other 
562-563 
Work satiation, 583 


concepts, 


Y-Maze — Maze used with animals and 
constructed to form a Y, thus having a 
single choice point: 257, 389, 489, 490 


Zeigarnik Effect — Tendency to recall 
more incompleted than completed tasks: 


229 
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